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ABSTRACT

This memorandum addresses the proposed contaminant transport modeling
effort for the Remedial Investigation/Feasibility Study for the Test Area
North (TAN) Groundwater Operable Unit at the Idaho National Engineering
Laboratory. This memorandum reviews in detail the geologic, hydrologic, and
computational factors influencing the model selection process, thus
summarizing the current understanding of the TAN groundwater flow system.
Following that summary, a detailed description of the code selection criteria
and results of the application of these criteria to various flow and transport
codes are presented. On the basis of the code selection process,
recommendations and associated considerations are given. As a result of this
process, we (a) recommend taking a two-dimensional areal vertically
integrated, transient, heterogeneous, free-surface approach, (b) suggest that
there are no codes in their current form available for this type of flow and
transport modeling; {(c¢) conclude that any code selected will require some
degree of modification, and (d) conclude that modifying codes that were
developed at EG&G Idaho (i.e. FLASH/FLAME) for this modeling effort would be
much more efficient than to modify other available codes.
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H-1. INTRODUCTION

The purpose of this technical memorandum is to select a numerical code for
use in predicting the fate of contaminants in the groundwater at the Test Area
North (TAN) site. First, we review the factors influencing numerical modeling
of flow and transport of contaminants at TAN. On the basis of these factors,
flow and transport codes are screened in order to select the one that will
best simulate (or predict) the fate and transport of groundwater contaminants
at TAN. Following the code selection results, this memorandum presents an
implementation schedule based upon the code selection process.

The structure of this report is hierarchial. First, the current under-
standing of the TAN flow system is reviewed by examining (a) the geographical
location with respect to natural recharge areas, (b) the historical pumping
and recharge information, {c) the geological descriptions of the basalts and
sedimentary interbeds with respect to the wells penetrating the aquifer
system, and (d) the hydrologic properties and history of the water levels at
TAN. The TAN Remedial Investigation/Feasibility Study (RI/FS) Work Plan
(EG&G Idaho, 1992) presents the bulk of this background information in a more
general context. Here, much of the geographic, geologic, and hydrologic
information is represented as it pertains directly to predicting the fate of
the organics and radionuclides existing in the TAN groundwater.

After presenting this necessary background information, the features of
this complex flow system are tied into the flow and transport modeling process
by examining a previous modeling effort (see Section H-6). The previous
modeling effort serves to illustrate many of the physical features that must
be incorporated into a realistically predictive model of flow and transport in
the TAN groundwater system.

In Section H-7, the physical and numerical modeling requirements are
presented. A numerical statement of the mathematical problem is given in

Section H-8.

A large selection of public and private domain flow and transport codes
are reviewed. The codes are presented in terms of our modeling cbjectives.
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Each code is compared against the numerical modeling requirements presented in
Section H-7. Codes meeting the qualifications are reviewed further, while
those not meeting the basic requirements are dropped from further
consideration.

On the basis of the entire code screening process, scheduling

considerations, and modeling objectives, Section H-10 1ists modeling
recommendations for this operable unit.
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H-2. GEOGRAPHY

The land surface at TAN is relatively flat with predominant relief
consisting of volcanic vents (buttes) and unevenly surfaced and fissured
basalt lava flows. TAN lies in a topographic depression between the base of
the Lemhi range to the northwest, the Beaverhead Mountains to the northeast,
and the Snake River drainage to the southeast. The elevation ranges from
a Tow in this area of 4,774 ft on the Birch Creek playa floor to a high of
5,064 ft on top of Circular Butte.

The TAN site is down-gradient of the terminus of Birch Creek (Figure H-1),
and up-gradient of the terminus of the Little Lost and Big Lost rivers. These
rivers drain mountain watersheds existing to the north and northwest of the
Idaho National Engineering Laboratory (INEL). In general, most of the flow
from the Little Lost River and Birch Creek are diverted for irrigation
purposes before reaching the INEL. However, historically, in high flow years
and more often in recent years, Birch Creek actually flows into the Birch
Creek Playa (Figure H-2) and then infiltrates. During years of high flow, the
Little Lost River also flows onsite. In addition to being near these
potential recharge areas, local rainfall and snowmelt during spring months
contributes to the recharge in the vicinity of TAN. This recharge causes the
water-table elevation to vary as discussed below.
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H-3. SUSPECTED MAJOR SOURCE OF CONTAMINANTS AT TAN

Major facilities at TAN include the Technical Support Facility (TSF), the
Containment Test Facility (CTF), the Water Reactor Research Test Facility
(WRRTF), and the Initial Engine Test {IET) Facility (see Figure H-1}. TCE and
PCE were found in the water supply wells (TAN-1 and TAN-2) for the TSF. On
the basis of past disposal practices, historical records, personnel inter-
views, waste stream generation records, and contaminant monitoring/sampiing,
three disposal wells at TAN have been shown to be possible sources of TCE
and/or PCE in the groundwater. These wells are shown in Figure H-2 and
include the TSF, IET, and WRRTF injection wells. The primary source of
contaminants is suspected to be the TSF injection well, based upon disposal
history and measured contaminant levels. The IET and WRRTF injection wells
are not reviewed here but are discussed in Sections 2.3.4, 2.3.5, and 2.4.2.3
of the Work Plan.

The TSF injection well was drilled to a depth of 305 ft to dispose of
liquid effluent generated at TSF. The well has a 12-in. diameter casing to
305 ft and is perforated in two intervals, 180-244 ft and 269-305 ft below
land surface (bls), respectively. The depth to groundwater is roughly 206 ft
below tand surface. Prior to 1972, the well was used as the primary disposal
site at the TSF. Until the early 1980s, the well was also used for overflow
from the sump at TAN-655. Discharges to the injection well included treated
sanitary sewage, process waste waters, and low-level radioactive waste streams
{see Section 2.3 of the Work Plan). The hazardous wastes include heavy
metals, low-level radicactive nuclides, and unknown but potentially large
quantities of organics.
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H-4. GEOLOGY/LITHOLOGY OF THE AREA AT TAN

The TAN subsurface geology is characterized by basalt flows with
sedimentary interbeds. Two of these interbeds have been correlated between
wells beneath the water table and are illustrated in Figure H-3. These two
clay/silt interbeds slope downward from the northwest to the southeast. The
first of these beds (P-Q) intercepts the TSF injection well at a depth of
approximately 225 ft bls. On the basis of monitoring in well pairs down-
gradient of the TSF injection well (TAN-INJ)}, we suspect that either this
shallow interbed is discontinuous and nonconfining, or that wastes were
injected from both of the perforated intervals (above and below this interbed)
in the injection well. It is unknown if the lower interbed (Q-R) is laterally
continuous or confining.

If it is assumed that the Q-R interbed is laterally continuous, and acts
as a confining layer, the thickness of the zone containing the injected
contaminants varies. As shown in Figure H-3, the distance from the water
table to the Q-R interbed varies from 100 ft in the northwest to 300 ft at the
southeast corner of the TAN site. If the Q-R interbed is non-confining, the
saturated thickness is much larger, ranging from 400-900 ft, with the upper
250 ft being the most permeable according to the United States Geological
Survey (USGS) and a study by Robertson (1974}.
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H-5. HYDROLOGY OF THE AREA AT TAN

Figure H-3 suggests that the basalts above and below the P-Q interbed are
homogeneous and anisotropic. Field tests of the hydraulic properties and
other geologic descriptions from wells in these basalts indicate otherwise.

In general, the basalts beneath TAN are highly fractured both horizontally and
vertically (Nace et al., 1956). The net effect of this heterogeneity creates
a macroporosity system in which it is hypothesized that the large blocks of
basalt {on the order of feet in diameter) act 1ike the small grains of sand in
a sedimentary system. Flow through the aquifer would follow a locally sinuous
path around, through and between the large particles, in the general direction
of the regional hydraulic gradient.

Pumping test results differ significantly from local slug test results.
This variation is expectedly due to differences in area tested by each method
(ft vs hundreds of ft). In addition, the slug test measures primarily
horizontal permeability, while the pumping test incorporates some measure of
vertical properties in cases where the completion intervals in the pumping and
observation wells differ.

In addition to the permeability, porosity, and storativity data that have
been collected at the TAN site (see Table H-1}, water levels have been
measured. These measurements indicate the position or elevation of the water
table as a function of time. Figure H-4 shows water levels versus time
(hydrographs) for several wells on the perimeter of the TAN area. Note that
ANP7, USGS-7, OWSLEY-2, and Park & Bell (P&B) are located in the northwest,
southwest, southeast, and northeast regions around TAN, respectively, while
the USGS-24 well is located centrally with respect to site facilities.

The hydrographs indicate two levels of head fluctuations. The first level

occurs on the order of tens of years, while the second is on an annual cycle
(see Table H-2).
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Table H-1. Storativity, transmissivity and perforated thickness at several
TAN wells.

Perforated Method®

Transmissivity® Thickness  (P=Pump) Data®
Well Name Storativity (ft?/day) (ft) (S=ST1ug) Source
ANP-5 1.5 x 10° 78.0 P A
ANP-6 5.0 x 10° 75.0 P A
ANP-9 6.6 x 10° 100.0 P A
FET-1 3.1 x 10 100.0 P A
FET-2 1.1 x 10° 239.0 P A
FET-disp 1.5 x 10* 120.0 P A
IET-DISP 1.6 x 10° 100.0 P A
LPTF 3.5 x 10° 119.0 p A
P8M-1 2.5 x 10° 50.0 P A
PAMW-2 1.4 x 10° 68.0 p A
P&W-3 1.4 x 10° 79.0 P A
PSTF 5.9 x 10° 119.0 p A
TAN-1 0.01 2.9 x 10° 155.0 p A
TAN-2 0.01 1.6 x 10 100.0 P A
TAN-3 7.4 x 10° 40.7 S RIFS
TAN-4 7.5 x 10° 25.0 S RIFS
TAN-5 1.2 x 10 34.5 S RIFS
TAN-6 4.0 x 10° 28.5 S RIFS
TAN-7 1.4 x 10° 28.3 S RIFS
TAN-8 2.6 x 10 25.5 S RIFS
TAN-9 7.0 x 10° 25.0 S RIFS
TAN-10 2.0 x 10° 40.0 S RIFS
TAN-10A 1.2 x 10° 38.2 S RIFS
TAN-11 5.0 x 10° 31.0 S RIFS
TAN-12 9.5 x 10! 25.6 S RIFS
TAN-13A 5.0 x 10° 35.5 s RIFS
TAN-14 6.3 x 10° 27.5 s RIFS
TAN-15 1.7 x 10° 27.1 S RIFS
TAN-16 2.9 x 10° 23.8 S RIFS
TSF-INJ 3.0 x 10 100.0 P A
USGS-24 0.003 1.4 x 10* 70.0 P A
a. Ackerﬂan (19912 data were chosen:o¥$r existing Wood $}989) data based gn
the use of partially penetrating vs fully penetrating well assumptions used
in the analssis. 7 7 o 7 g

b. Slug tests were an average of Hvorslev (1951), Bouwer & Rice (1976), and
Vanderkamp (1976) methods.

c. A=Ackerman (1991

r "‘\, L) AN W NS} W §J 3 PRI W RN T RS § s O FETERT R AR 0§ REEF L B Sl R A Gl WA W
1992) . ’
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Table H-2. Summary of dominant hydrograph features for TAN wells.

Well Mame Comments

ANP7 Large time periodicity due to drought seasons

SRS 7 f avrne tima noevindicitv due tn dronaoht coacenne with cmall

e SRty oM DT e L, TT vy mrmmanh ommemne ma e e
scale annual periodicity

OWSLEY-2 Large time periodicity due to drought seasons with small
scale annual periodicity

P&B Predominant small scale or annual periodicity

USGS-24 Large time periodicity due to drought seasons

Tha =~
e a

anl
Little Lost River experience large, long-term trends as opposed to the
northeast areas {P&B) which experience annual cycles driven by local recharge

L] +ha

~ arhaw
v o uviic

rea ~f TA adda~rant + o PN
fca wvi T adjavsiiv v Cularyc «
s

-3

e nf Riwveh Cw
LA vi T

vHo v it uour

o
QaH (A3

gvember 1991, These transient heads

are presented for the 1990-1991 period in contoured form in Figure H-5.

and standard deviations of the head
measurements in the various wells are given in Table H-3. The first column

gives the well name, while the second contains the number of head measurements
inning and ending dates., The absolute minimum head
observed is shown in the fifth column and occurred at the date given in the
sixth column. Similarly, maximum head information exists in the seventh and

gighth positions. It is interesting to note that over a 10-year period, the

= L=l LI L=

standard deviation in head is on the order of 3 ft while changes of up to 20

ft were observed. These 10-year variations of heads on the order of 10 ft are
significant in light of the small {0.002 ft/ft) regional qradient observed
throughout the year. The data indicate that the overall water levels at TAN
change significantly between dry and wet years. In addition, contoured head

distributions indicate a strong dependence in the head neay the TSF on local

pumping rates in water supply wells TAN-1 and TAN-2.
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Table H-3.

Variation in observed hydraulic head for TAN wells.

Minimum Max imum Average

Well # of Begin End Head Date® Head Date@ Head S.D. Change

name meas. Date Date {ft} Min H (ft) Max H (ft) of H in H
ANP-5 26 Mar-80 Nov-91 4579.27  Jul-B2 4588.08  Feb-87 4583.03 2.25 8.81
ANP-B 20 May-86 Oct-91 4580.30 Qct-91 4587 .84  Mar-87 4584.17 1.91 7.54
ANP-7 25 Mar-80 Nov-91 4580.87 Jul-82 4589.56 Jan-86 4584.,75 Z.68 B.69
ANP-9 25 Feb-87 Nov-91 4565.70  Nov-91 4573.20 Jun-85 45658 .94 2.00 7.50
ANP-10 23 Mar-80 Nov-91 4568.68 Jul-82 4574.30 May-89 4571.54 1.72 5.62
FET-DISP 20 Juli-84 Nov~91 4579.10  HNov-91 4586.83  Jan-87 4582.66 Z2.04 7.73
GIN-1 17 Jul-84 Nov-41 457710 Nov-891 4582 57  May-89 4580 79 1.62 5.47
GIN-2 23 Mar-80 Sep-30 4577.16  Jul-82 4585.56  Jun-87 4581.08 2.38 8.40
GIN-3 18 Jul-84 Nov-91 4577.50  MNov-91 4583.89 May-36 4580.86 1.76 6.39
GIN-4 14 Jul-84 Dec-90 4578.35  Jun-83 4582.99  Aug-89 4581.24 1.21 3.64
GIN-5 17 Jul-84 Nov-91 4577.90  Nov-91 4583.47  May-89 4581.07 1.66 5.57
IET-DIS: 28 Jul-80 Nov-81 4578.96  Ju1-82 4587.50  Jan-87 4582.88 2.42 8.54
NO NAME 26 Mar-80 Nov-91 4576.90 Jul-82 4585.41 Feb-87 4580.42 2.45 8.51
OWSLEY-2 82 Mar-80 Nov-81 4560.37  Sep-82 4568.75  Jan-87 4564.13 2.38 8.38
PLB 155 Jun-70 Mar-91 4768.61 Sep-71 4790.04 May-85 4768.61 3.31 21.43
PEW-11 25 Mar-80 Nov-91 4579.65  Jul-82 4588.47  Feb-87 4583.24 2.34 8.82
PRW-2 40 Mar-80 Nov-91 4579.19  Jan-83 4588.03  Sep-86 4583 .91 2.58 B.84
PEN-3 27 Mar-80 Nov-91 4579.48  Jul-82 4588.35 Dec-84 4583.50 Z2.54 8.87
PSTF 28 Mar-80 Nov-91 4565.22 May-88 4535.78  Dec-86 4579.70 4.40 20.56
TAN-1 16 Nov-87 Nov-91 4578.80  Nov-91 4585.20  Aug-86 4582.08 2.00 6.40
TAN-Z i fiov-87 Nov-B7 4572.7¢  dNov-87 4572.72  Wov-B7 4572.72 0.00 G.6G
TAN-3 15 Jan-90 Nov-91 4579.40  Nov-81 4585.13  May-8% 4582.59 1.74 5.73
TAN-4 15 Jan-90 Nov-91 4579.20  Nov-91 4585.19  May-89 4582 .57 1.73 5.99
TAN-5 15 Jan-90 Nov-91 4580.09  Sep-91 4585.12  May-89 4582 .65 1.49 5.03
TAN-6 7 Sep-90 Nov-91 4579.20  Nov-91 4581.97  Sep-90 4580.76 0.98 2.77
TAN-7 7 Sep-90 Nov-91 4579.20  Nov-91 4581.96  Sep-90 4580.70 0.96 2.76
TAN-8 15 Jan-80 Nov-91 4578.50  Nov-91 4583.36  Jul-89 4581.43 1.46 4.86
TAN-9 15 Jan-90 Nov-91 4579.80  Nov-91 4585.67  May-89 4583.03 1.70 5.87
TAN-10 15 Jan-90 Nov-91 4579.70  Nov-91 4585.54 May-89 4582.92 1.82 5.84
TAN-10A iz Apr-50 nov=31 458G.00  Wov-51 4585.84 Hay-55 4582.84 1.74 5.84
TAN-11 15 Jan-90 Nov-91 4578.70  Rov-91 4585.58 May-89 4582.92 1.73 5.88
TAN-12 7 Sep-90 Nov-91 4574.90  Nov-91 4577.86  Sep-90 4576.60 1.06 2.96
TAN-13 1 Oct-50 Oct-90 4580.54 QOct-90 4580.54  Oct-80 4580.54 0.00 0.00
TAN-13A 5 Nov-90 Nov-9] 4578.80  Nov-91 4580.83  Sep-90 4579.64 0.71 2.03
TAN-14 B Oct-20 Nov-91 4578.60  Nov-91 4580.82  Jul-90 4579.81 0.91 2.22
TAN-15 € Sep-90 Nov-3] 4578.70  Nov-91 4581.71  Sep-90 4580.28 1.11 3.01
TAN-16 7 Sep-90 Nov-91 4578.80  Nov-91 4581.77  Sep-90 4580.48 1.07 2.97
TAN-CH1 15 Jan-80 Nov-91 4579.60  Nov-%1 4585.56 May-89 4582.73 1.78 5.96
TAN-CHZS 4 Oe¢-30 Hov-381 4587.50 Nov-51 4581.82  Sep-8¢C 4589.04 1.87 4.02
TAN-CH2D 5 Nov-30 Nov-91 4576.90  Nov-91 4579.68  Sep-S0 4577.99 1.05 z.78
TAN-D1 15 Jan-80 Nov-91 4579.40  Nov-91 4585.35 May-89 4582.70 1.75 5.95
TAN-D2 15 Jan-80 Nov-91 4579.70  Nov-91 4585.59  May-89 4582.94 1.72 5.89
TAN-D3 15 Jan-90 Nov-91 4580.20  Nov-91 4585.60 May-89 4582.95 1.69 5.40
usGs-7 93 Jan-80 Nov-91 4575.10  Sep-82 4584 .60  Aug-85 4578.73 2.49 9.50
UsGS-24 46 Mar-80 Nov-91 4578.54  Jul-82 4587.43  Jul-85 4583.45 2.24 8.89
UsGs-25 130 Jan-80 Nov-91 4578.09  Sep-B82 4588.52  May-85 4582 .95 z.89 10.43
USGS-26 21 Jan-80 Nov-91 4578.71  Aug-82 4589.03  Apr-86 4582 .74 2.71 10.32
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Pumping rates for the two supply wells are given in Table H-4. Large
drawdowns or decreases in heads near the TSF correspond to periods of high
pumping. The combination of pumping, annual recharge, and long-term changes
in recharge contribute to the highly dynamic water-table elevations observed
at TAN. However, the variation in head (10 ft) caused by pumping is
relatively small in comparison with the total thickness of the aquifer
(>400 ft), which suggests that changes in head caused by pumping events occur
near the top of the water table, and do not create larger vertical flow
components at depth.

To examine the hypothesis that in addition to horizontal dynamics,
vertical flow components within the aquifer exist, water levels have been
measured in nested well pairs. There are several wells that are separated by
short horizontal distances in which water levels have been taken at different
elevations. Head data at a single point in time for these nested well pairs
are given in Table H-5.

At first glance, there appears to be a large component of vertical flow
relative to the horizontal gradient. We feel that these numbers are
misieading for three main reasons:

1. The horizontal separation of wells is on the same order as the
vertical separation in all but one well. This means that the
measurements reflect as much horizontal flow potential as vertical.

2. Ideally, gradients should be measured at two points along the same
flow path (i.e., vertical). In fractured basalts, there is no

guarantee that the well pairs are connected by the same set of
fractures or matrix blocks.

3. If the vertical flow gradients were actual instead of illusory,
contaminants injected at the TAN-INJ well would travel at a rate of

= _(g._g_“jé’_l x 3.5E-03(ft/ft) ~ 3.5 ft/day

™~
| x
a.ln.
™~N |

vertically, which when coupled with a similar horizontal velocity
results in an approximately forty-five degree downward movement.
This net downward velocity would cause the injected contaminants to
travel from the upper 400-ft thickness of the aquifer within a year
of havjng.peen iqtro@uced. Instead, we measure significant
concentrations of injected organics severai thousands of feet
horizontally from the TAN-INJ well.
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Table H-4. Monthly water volume and volumetric rates for TAN water supply
wells.

TAN-1 TAN-2 Total Volume Average Combined
Volume Volume Withdrawn Withdrawal Rate
Date (10° gal) (10° gal) (10° gal) (gal/day)
Jan-90 804 1255 2059 66423
Feb-90 1084 640 1723 61553
Mar-90 1606 74 1680 54209
Apr-90 1237 132 1369 45646
May-90 2391 70 2451 79403
June-90 1596 15 1611 53685
July-90 2855 14 2870 92570
Aug-90 2557 464 3020 97430
Sep-90 33 2775 2808 53006
0ct-90 1106 891 1997 64414
Nov-90 1980 130 2110 70343
Dec-90 1666 14 1680 54183
Jan-91 4724 14 4738 152830
Feb-91 1841 0 1841 65737
Mar-91 1854 0 1854 59801
Apr-91 2093 0 2093 69780
May-91 1705 409 2114 68193

Table H-5. Horizontal and vertical hydraulic head gradients.

Horizontal Vertical

Well Well Head Vertical Horizontal

Separation Separation Difference Gradient Gradient

Well Pairs Date {ft) (ft) (ft) (ft/ft) (ft/ft)

TAN-4 - TAN-5 Sep-90 43.01 63.00 0.07 1.12E-03 1.63E-03

TAN-6 - TAN-7 Sep-90 47.17 12.30 0.02 1.63E-03 4.24E-04

TAN-13A - TAN-14 Nov-90 63.16 60.00 1.60 2.67E-02 2.53E-02

TAN-10A - TAN-11  Sep-90 79.40 66.80 0.26 3.90E-03 3.28E-03

TAN-11 - TAN-12  Sep-90 44.94 72.00 4.81 6.68E-02 1.07E-01

TAN-10A - TAN-12  Sep-90 118.09 139.00 5.07 3.65E-02 4.29E-02

TAN-15 - TAN-16 Sep-90 45.01 70.00 0.18 2.57E-03 3.99E-03
TAN-CH2S - TAN-CH2D Dec-90 0.00 583.00 12.24 2.10E-02
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After relating these apparent vertical gradients to measured values of
concentration obtained over large horizontal distances, it is apparent that
although there may be some vertical movement of contaminants, the net movement
is horizontal.

There is, however, one important geological feature that stands out when
examining the vertical distribution of heads, namely the apparently upward
vertical gradient from the shallow perforated interval of the TAN-CH2 well to
the other wells in the vicinity of TAN-CH2S. For example, the head in
TAN-CH2S is about 10 ft higher than the head in TAN-8, which results in an
apparent upward gradient of 0.04 ft/ft. The macroporous media model, which
suggests that the total flow path consists of a combination of small vertical
and larger horizontal movements around and through the large basalt blocks,
with a net horizontal movement, cannot be used to explain this observation.
It can be explained by examining Figure H-3, which illusirates the penetration
depth of TAN-CH2. Note that the completion elevation interval of TAN-CHZ is
between 4,311.2 and 4,299.42 ft, approximately 200 ft below the Q-R interbed.
A classical three-point analysis using the TAN-CH2, TAN-CH1, and USGS-7 wells
can be used to project the Q-R interbed northward from the immediate vicinity
of TAN where it subcrops the water table at an elevation of about 4,600 ft

”~

(see Section 2.1.6.6 of the Work Plan).

The working hypothesis is that TAN-CH2 is in communication with those
higher-upgradient heads, and that the (-R interbed is effectively confining
between the subcrop area and TAN-CHZ2. Section 2.1.6.6 further suggests and
discounts the four following hypotheses based on conceptually feasible but

st o] e
[ neayu rrui

improbabie hydrauiics: (1) a compietely plugged well, (2) a remnant
the 1969 flood, (3) a residual head from the injection well, and (4) a lowered
head above the Q-R as a result of pumping from the TAN-1,2 wells. The
.I.l.. 9.
1

. .L Lomrara L

hydrauiic arguments against the four hypothesis are respectively

1. For TAN-CH2 to act as a plugged well, it would have to have been
completed in completely impermeable sediments in which the higher
head incurred during drilling was trapped. A 12-ft impermeable
interval is unlikely to occur in the fractured basalts existing at
the INEL, but the possibility will be investigated using a simple
slug test.
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2-3. A residual head from either the flood of 1969, or from injection
activities that ceased 20 years ago is improbable based on the
storativity of basalts (0.001-0.01). In addition, we note that
either of these possibilities would require the storing and gradual
release of an equivalent flux of 7 million gallons of water per day.

4, It is poss1b1e that pump1ng at TAN 1,2 has lowered the head above the

e el
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is returned to the aguifer via infiltration ponds.

After examining the possible scenarios, it is most likely that the Q-R
interbed allows the TAN-CH2S interval to communicate with higher upgradient
heads. This communication effectively defines the bottom of the upper-aquifer
system.

Although we measure local components of vertical flow within the
upper-aquifer, the primary flow direction appears to be horizontal. The most
plausible explanation for this discrepancy goes back to the macroporosity view
of the fractured basalt system, where again we hypothesize that the total flow
path consists of a combination of vertical and horizontal movements, resulting
in large net horizontal movements with a large vertical mixing zone. This
hypothesis is substantiated by the concentrations of contaminants measured
through a large vertical and horizontal section of the aguifer. Substanti-
ating data are presented below in the form of similar concentration values
measured in both wells of a vertically nested well pair (TAN-4 and TAN-5).

The concentration of TCE, PCE, *Sr, and °H were measured in the TAN
groundwater. Contour plots of these concentration measurements are summarized
in Table H-6 and are shown in Figure H-6.

The concentration contour plots indicate a generally southeastern movement
consistent with the regional groundwater flow direction. However, we believe
that the pumping wells at the TSF tend to draw the plume further to the north
near the TAN-1 and TAN-2 wells, resulting in a delayed movement to the
southeast and a larger spreading thickness than would result from regional
(ambient) groundwater movement alone. These concentration values support our
assumption of vertical mixing of contaminants that results in net horizontal
movement of a large thickness.
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Table H-6. December 1989 well concentrations.

TCE PCE Ny *H
Well Name (g/L) ((9/L) (pCi/L}) (pCi/mlL)
ANP-6 ND ND 212 ND
ANP-8 6 1 2t 2 ND
TAN-1 7 2 10 + 2 ND
TAN-3 ND ND 4 12 ND
TAN-4 70 20 2+ 2 0.9 + 0.2
TAN-5 71 16 ND 1.7 + 0.4
TAN-8 ND ND 32 ND
TAN-9 86 17 15 + 3 8. 0.6
TAN-10 28 11 76 + 7 2.8 +0.3
TAN-11 89 24 6 t 2 3.5 + 0.6
TAN-D1 150 23 ND 2. +0.4
TAN-D2 660 11 230 + 20 4.4 +0.7
USGS-24 1300 71 ND 9.8 + 0.7
USGS-26 ND ND 2 +2 ND
TSF-INJ? 28000 37 200 20.9 + 2.7

a. March 1989 concentration measurements.

b. March 1989 value reduced 4% from 21.8 (radioactive decay).
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Figure H-6. Concentration contours of TCE, PCE, %5r, and H measured in the
TAN groundwater.
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Figure H-6. (continued).
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H-6. PREVIOUS MODELING STUDY

As a first approximation, the groundwater flow and transport system was
numerically simulated in a study ending in June 1990 (EG&G Idaho, 1990). The
approach taken assumed a steady-state head distribution at the TAN site. The
modeling approach neglected the recharge occurring at the terminus of Birch
Creek and Little Lost River, and the effects of pumping from the water supply
wells and recharge in the disposal ponds.

The study assumed that the heads of January 1990 were representative of a
one-hundred year average condition. By adjusting transmissivity values, a
reasonable match of the hydraulic heads was achieved (see Figure H-7). Using
the steady-state head configuration, concentration distributions of TCE, PCE,
%Sy, and *H were predicted over a time period of 40 years (see Figure H-8).

Examination of the computed concentration plumes with known regional
groundwater gradients, and the spatial distribution of contaminants on January
1990 illustrates the following differences between simulated results and
expected values, which are easily explained by the modeling approach:

1. There is a significant difference in plume orientation between the
modeling results and current measurements.

2. The simulated plume is much narrowe r|than expected which highlights

the faults of that pr‘enmlndr_y moaeling bl.uuy

Groundwater flow directions and directions of contaminant movement are
dictated by the hydraulic head gradients. As shown by the data p

Figures H-4 and H-5, the head distribution at TAN is very dynamic. The
arbitrarily selected January 1990 heads are probably not representative of

long-term head gradients existing at the site. In addition, the chosen head
distribution was not subject to long-term changes caused by periodically

wetter/dryer years, or to changes in local groundwater heads caused by changes

in pumping rates
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Figure H-7. Hydraulic heads of January 1990 from field data, and the same
data simulated by adjusting transmissivity values.
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Figure H-8a. Concentration contours of TCE for the years 2000 and 2030,
simulated using steady-state heads of January 1990.
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Figure H-8b. Concentration contours of PCE for the years 2000 and 2030,
simulated using steady-state heads of January 1990.

H-33



20 ; \ Levels are in pCi/l

\

/N

8
4
x\\ \’\ / Levels are in pCi/l

VL ;

Figure H-8c. Concentration contours of *°Sr for the years 2000 and 2030,
simulated using steady-state heads of January 1990.
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Figure H-8d. Concentration contours of *4 for the years 1995 and 2005,
simulated using steady-state heads of January 1990.
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Extremely large values of the longitudinal and transverse dispersion were
necessary to obtain the modeled plume thickness. The dispersion coefficient
is a term used to account for mechanical mixing of solutes as the water flows
around and between sand grains. Typically, the mixing term or dispersion term
is much greater in the direction of flow (longitudinal) than transverse to the
direction of flow. In these steady-state simulations, the transverse
dispersivity was 40, while the longitudinal value was 91. Although not
technically correct, using a larger value of transverse dispersivity could
have allowed the plume to become wider. A more technically correct method of
increasing plume width to a representative or more representative state simply
involves including the transient heads.

The transient nature of heads resulting from long-term periodicity in
recharge {(Figure H-4) can cause a fairly significant variation in groundwater
direction. This variation in flow direction allows the contaminant-bearing
water to contact a much larger portion of the aquifer than is presumably
predicted from the steady-state head approach. As the water contacts more of
the aquifer, the contaminants are allowed to degrade radioactively, adsorb
onto the rock chemically, and be degraded through contact with micro-
organisms. Hence, the plume concentrations predicted by the steady-state
approach are most probabiy overiy conservative.
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H-7. CURRENT MODELING STUDY

In view of the collected data and information presented by previous
modeling efforts, the proposed modeling approach is two dimensional in plan
view and assumes vertical averaging.

This modeling study will incorporate the hydrologic features dominating
the flow and transport at TAN. These features include:

1. Varying water levels caused by recharge from Birch Creek, Little Lost
Rivers, and local recharge events. These transient recharge events
play a large role in determining the position of the water table

(free surface), thickness of the saturated zone of the aquifer, and
ultimately the overall groundwater flow direction.

2. Variable horizontal hydraulic properties will be incorporated by
aliowing the basait to have transmissivity (hydrauiic conductivity),
porosity, and storativity values that are representative of values
measured at the TAN site.

3. Variable pumping rates at water supply wells will be modeled. The
pumping wells tend to increase local gradients and locally reverse the
regional gradients (drawing water from the south to the north),
pulling the contaminants along the flow path or obliquely to the
reg1ona1 flow path. As the pump1ng rate increases, the degree of pull
increases. Decreased pumping rates allow the flow to resume its
southeasterly direction. Changing pumping rates result in a side-to-
side movement of water, allowing further adsorption, decay, and a much

larger net dispersion,

4, Values of dispersion will be small and reasonable. This can be
accompiished by incorporating the fluctuating water levels. If
fluctuating water levels, which aid in mechanical mixing, are ignored,
unrea11st1ca11y high values of dispersion would be needed to simulate

e Y. Y.

Llle IIIIAIIIB (1] OCess.

On a very small scale, the aquifer at TAN is an extremely complex three-

Aimamadinmal o 3 :
dimensional system N tin f fract

sedimentary interbeds. However, the head and concentration data that have

been collected at TAN indicate that, on a large scale, the aquifer behaves as
QHA

ar il n cn n <
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the regional hydraulic gradient is fairly uniform. Although some measurements
suggest vertical flow as a factor, the field data and geologic description of

the aquifer suggest that the prima

concentration data, which support a vertical mixing model, a two-dimensional

h] in tha hacie nf
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H-37



areal model should be sufficient to simulate the system. In addition, enough
data have been collected to initially parameterize a two-dimensional numerical
flow and transport model. Enough data do not exist to parameterize either an
unsaturated or three-dimensional saturated numerical flow and transport model,
nor is it considered necessary to do so in order to provide a realistic model
of the system. Adopting a two-dimensional model does not preclude performing
sensitivity studies in the vertical plane. In fact, studies of vertical flow
components resulting from the fluctuating water table will be performed to
validate the use of a vertically integrated flow and transport model.

In addition to flow and transport in two-dimensions, the primary source of
contaminants at TAN supports the use of a saturated flow model. Contaminants
at TAN are suspected of entering the aquifer primarily through the two
screened intervals of the TAN-INJ well. These screened intervals are between
the depths of 180 and 330 ft, which is mostly below the bottom of the
unsaturated zone. Because the bulk of contaminants were injected directly
into the saturated zone of the aquifer, it is only necessary to model that
portion of the aquifer. This approach may negiect some contaminani carried up
into the unsaturated region by the fluctuating water table, but the thickness
of that region is negligible relative to the total thickness of the aquifer
itseif.

Another cause of vertical flow might be density effects. If, for example,
concentrations of dissoived organic soivenis were great enough to resuit in
buoyancy effects, density-driven flow could occur. The weights and
concentrations of the organics found at TAN are insufficient to influence the

movement of contaminants in the fiow sysiem. This is determined by comparing

the ratio of dissolved solvent density/water density to one:

i = 0:4x10%/cc ,

_ P
Py lg/cc

= -1.0

B

The vertical flow equation then becomes

R

which indicates that there is a single fluid only.
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In addition, the volume of TCE dissolved in 1 cc of H,0 is given by the
ratio of an areally representative near-source (i.e., within one-half mile of
the injection well) TCE concentration (400 ug/L = 0.4x107°g/cc) to the density
(1.46 g/cc) of TCE:

r ey a 1-_5 I
Ve = —& = 23 X WY 9/7CC _ 5 74 x 107cc of TCE
Prce 1.46g/cc

injected fluids and the ambient groundwater should be neglected. At this

point, there is no field data to support the existence of non-dissolved
contaminants at TAN. Rased upon the current data, it is considered sufficien

=S vsy 4 LR

to model only dissolved contaminants.

The pronosed modelina approach can be used to produce results that are

1
[

conservative from a risk-assessment point of view. For example, if in
actuality there are vertical flow components, the total horizontal movement
will be less than predicted by a vertically integrated flow approach. In
addition, concentrations predicted by a vertically integrated flow approach
will be slightly higher than predicted by a three-dimensional model with
similar total thicknesses. The degree of conservatism can be adjusted in the
final modeling process by varying the input parameters within physically
realistic ranges as a part of the sensitivity study.

H-39



H-8. MODEL SELECTION CRITERIA

A vertically integrated two-dimensional (in plan view) model with the

capability of simulating the free surface of the water table, time varying
boundary, first and/or second type boundary conditions, and multiple

time-varying sources and sinks is required to simulate the groundwater at TAN
for the RI/FS.

Criteria for selecting a model for the TAN RI/FS are:

E -

Capability of producing a conservative estimate of flow and transport
from a risk-assessment perspective if realistic and defensible.

Capability of simulating two-dimensional transient vertically
integrated flow, i.e. the Boussinesqg equation:

EE

N+S : = VKhVh

where
N = Tlocal recharge
S = storage coefficient
t = time (day)
K = hydraulic conductivity (ft/day)
h = hydraulic head (ft}
¥ = gradient operator (1/ft),

L 9o [P TL

which is vaiid as Tong as the fiow is primarily horizontal. Th
at TAN is primarily horizontal with minor vertical flow near th
table due to pumping.

=h

@ @

low
water

Capability of simulating a highly periodic free-surface water table
without resorting to solving the Richard’s equation for unsaturated
flow, accomplished by solving the Boussinesq equation and preferably
by allowing a dynamic time-stepping solution.

Capability of simulating transient first- or second-type bounda
conditions at a time interval of days without resorting to
infinitesimal time steps, where the first- and second-type boundary
conditions are input in functional as opposed to table form. This is
necessary to reduce the storage requirements of the code, reduce the
amount of data manipulation, and simplify the coupling of the flow
code to the transport code.

J
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Capability of including heterogeneous horizontal hydraulic
conductivity and storage coefficient within the simulated domain.

Capability of either an internal or complimentary external solution of
the advective-dispersion transport equation based upon transient
velocities (v) mathematically consistent with the formulation of the
flow model

v z.EEVh
¢
aC acC .
¢d~_ Vol o= o —| - ARgC +m
s ot ax, 3x D’"¢ X; &
where

phi = effective porosity

v = groundwater flow velocity (ft/day)

C = species concentration (g/cc)

D - vatardatinn Fartnw

“d e 1 CSLAl JUuay 1w T W W

D, = mass dispersion coefficient

X = decay constant

m = mass source term {g/day)

x; = coordinate direction (ft).

We point out that there are uncoupled transport codes that, with
additional data manipulation, will accept output in the form of

velocities from flow codes. These manipulations are often not mass

conservative, and are completely intractable from an impliementation
point of view in highly dynamic systems. In addition, non-coupled
flow and transport codes force the use of the same spatial and
temporal discretization for both solutions. We see the use of a very
large system to 1ncorporate the influences of Birch Creek and the
Little Lost and Big Lost rivers at TAN. A separate {finer)
discretization will be used for simulating the transport, which occurs
at a much more localized scale near the TSF. In order to perform the
re-discretization between flow and transport, the coupling of the

codes must be mass conservative and easily implemented.

Rab111ty of simulating advection (v}, dispersion (D"}, adsorption
R%), and radioactive decay (A) of contaminants.
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8. Code compatibility with existing computational environments at the
INEL, which include the UNIX-SUN and UNICOS-CRAY platforms.

9. Adequate code documentation and graphical presentation capabilities.

10. Availability of the source code, documentation, and bench-mark tests
for independent review. .

The models considered for the TAN RI/FS simulation are given in Table H-7.

Preference is given to public domain codes, as per the guidelines set
forth in the Report of Findings and Discussion of Selected Groundwater
Modeling Issues (van der Heijde, 1986). Some of these codes can be
disqualified based on lack of either transport capability or the ability to
handle the dynamic water-table conditions. The capabilities of these codes
relative to this modeling study are given in the following section.

Table H-7. Flow models to be considered for use in TAN RI/FS simulations.

BIOPLUMEIT  FLASH NWFT SUTRA USGS2D
COOLEY HST3D PORFLO-3D SWIFTII USGS3D
DSTRAM MAGNUM-2D SEGOL TARGET-2DH V3
FE3DGW MAGNUM-3D SATURN TRACER3D VAM2D
FEMWATER MODFLOW SEFTRAN TRAFRAP-2DT LAY4L
FLAMINCO MOFAT SHALT TRUST VTT
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H-9. MODEL SELECTION SCREENING

Groundwater flow and contaminant transport models that are presented in
Table H-7 are described in Table H-8. The information in these tables was
obtained from van der Heijde et al. (1988), Bond and Hwang (1988}, and Dames &
Moore {1985). The models in these tables were selected based on previous code
reviews, and were thought initially to be capable of simulating either the
flow or transport processes occurring at TAN: unconfined, transient,
saturated, and horizontal flow, with advective, adsorptive, dispersive, and
radioactive contaminant transport. A1l of the numerical models listed (finite
difference and finite element) can simulate two-dimensional flow with the
exception of NWFT/DVM, which is a one dimensional finite difference code
capable of simulating flow and transport in one-dimensional water-table
aquifers.

Table H-8 lists relevant information about each model, arranged
alphabetically according to the name of the model. Table H-9 indicates
whether each model satisfies the eight criteria listed previously in
Section 8.

On the basis of the code selection criteria, seven of the codes (COOLEY,
FE3DGW, SEFTRAN, USGS2D, USGS3D, V3, VAM2D, and VTT) were disqualified because
they lacked a transport component.

Two codes (SATURN2, and VS2DT) were disqualified on the basis of handling
only vertical flow as opposed to horizontal flow required to model groundwater
flow movement at TAN. One code (NWFT/DVM) was disqualified on the basis of
handling only one-dimensional flow, and one (HST3D) on the basis of performing
only steady-state flow.

Of the remaining twenty codes, only TARGET-2DH and MODFLOW actually solve
the Boussinesq equation. Instead of eliminating all of the others, codes
solving the variably saturated equations were considered further. Solution to
the variably saturated flow problem involves dealing with non-Tinear hydraulic
conductivity - head K(h) relationships. The equations can easily be massaged
into the Boussinesq equation by letting the functional relationship between
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Table H-8. Relevant groundwater model capabilities/numerical model
descriptions.
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The following is an
Table H-8:

Symbol

explanation of the symbois, and authors appearing in

Description

Computer

Code dimensionality
orientation

Spatiail discretization
Time stepping algorithm

Boussinesq equation
Heterogeneity
Transient

Variably saturated
Transport code
Advection
Dispersion
Retardation
Radio-Decay

a

The type of platform (C/S = Sun and Cray, PC/S =
and Sun).

Whether the codes solves 2- or 3-dimensional flow,
with respect to the horizontal (H) or vertical (V)
direction.

finite differences {D] or finite ejeie
Fixed time step sizes [FDT] or dynamic
sizes [DDT].

Solved currently by the code yes = o .
In hydraulic conductivity.

Flow and boundary conditions: I=insufficient (non-
dynamic, or non-point source); N=steady-state.

Does the code have a non-linear iterative capability?
(N no, Y=yes, F= f1xed point, P=picard, N=newton).

1s there an internal or companion transport code?
Transport includes consistent advective velocities.
Transport includes dispersion.

Transport includes retardation.

First-order radiocactive decay is included.

Could not be determined from available documentation.

1ts [E].
time step

Source

ACRI -
AEC -
BECHTEL -
D&M -
DRI -
EST -
EG3G -

rCnT
[Ty ey

HGLI -
IGWMC -
ISWS -
INTERA -
LANL -
LBL -
PNL -

Rice U -
CMI -

IV

USGS -

Analytic and Computations Research, Inc.
Atomic Energy of Canada

Bechtel Corporation

Dames & Moore

Desert Research Institute

Environmental Services and Technology
EG&G, Inc.

CanTwvane Tnr
u‘-v"“"a, [ AL )

HydroGeologic, Inc.

International Groundwater Monitoring Center
I11inois State Water Survey

INTERA, Inc.

Los Atamos National Laboratory

Lawrence Berkley Laboratory

Pacific Northwest Laboratory

Rice University

Sandia Mational laboratory

U.S. Geological Survey ”
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Table H-9.

Code availability and modifiability.

Modification Changes to

Code Availability Difficulty Flow/Transport

Name (public/private) {us/them) (both)
FEMWATER Proprietary Difficult (by them) Flow
FLAMINCO Proprietary Difficult (by them) Flow
FLASH Public Domain Easy (by us) Flow
MOFAT Proprietary Difficult (by them) Flow
MODFLOW Public Domain Difficult {by us) Both
PORFLO-3D Proprietary Difficult (by us) Flow
SEGOL Public Domain Difficult {no documentation, them) Flow
SATURN 2 Proprietary Difficult {by them) Flow
SHALT Proprietary Difficuit (by them) Fiow
SUTRA Public Domain Difficult Both
TARGET-2DH  Proprietary Difficult (by them) Flow
TRACER3D Public Domain Difficult (by them) Flow
TRUST Public Domain Difficult (no documentation, us) Flow
hydraulic conductivity and head take the form: K(h) = K_.h, where K_. is the

saturated hydraulic conductivity.
Boussinesq equation can be implemented rigorously.

listed in Table H-9.

t

In the case of finite-element codes, the
These remaining codes are

A1l of the codes appearing in Table H-9 would have to be modified to

incorporate the dynamically transient water-table conditions existing at TAN,
as well as to actually solve the Boussinesq equation (except TARGET-2DH and

MODFLOW which currently solve the Boussinesqg equation).

As specified in the

table, all of the proprietary codes would have to be modified by the code

author to our specifications which could take an extensive period of time.

Pubtic domain codes having documentation can be modified in-house by EG&G

Idaho.

Some of the public domain codes are poorly (or not) documented, which

increases the time required to understand and make changes to the code.

Of the codes given in Table H-9, four are the best candidates for
These codes include FLASH, PORFLO-3D, MODFLOW, and TARGET-2DH,
which are evaluated below.

modification.
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FLASH {EG&G Idaho, 1991} is a two-dimensional, finite element model
developed at EG&G Idaho, Inc. The code is well documented (Baca, 1991), and
has been benchmarked and validated as a part of other benchmarking/validation
studies. The code itself is currently undergoing the complete benchmarking/
validation process by an independent group at Washington State. FLASH
incorporates a dynamic time stepping algorithm that allows the convergence of
mass to dictate the time steps used in solving transient problems. This
algorithm allows very efficient solution of highly dynamic fluctuations in
water-table elevations without the use of unnecessarily small constant time
steps. Output from FLASH consists of the transient heads, velocities, and the
spatial discretization used to solve the flow problem at user-selected time
planes. This information serves as input to the companion transport code,
FLAME, which is also a finite element model developed at EG&G Idaho, Inc.
FLAME allows the user to rediscretize portions of the flow domain in order to
reduce the overall computational burden while allowing extremely fine
resolution of contaminant plumes. The rediscretization is mass conservative,
and is based upon consistent spatial interpolation functions using the heads,
velocities, and spatial discretization output by FLASH. Both codes have pre-
and post-processing capabilities useful in checking input data and outputting
the results graphically.

Modifications to FLASH/FLAME involve changes to the code logic in three
places to allow the solution of the Boussinesq equation, and to incorporate
functional forms for transient head and fiux boundary conditions. The
modifications for transient heads and fluxes would simply require changing the
table-lookup pre:zdure currently used to an evaluative function that is
user-constructed. Incorporating the Boussinesq equation simply requires the
hydraulic conductivity appearing in the code to be modified by multipiying it
by the saturated thickness (hydraulic head). These modifications are
extremeiy easy to incorporate primarily because of the very structured nature
of the FLASH code. There are no necessary modifications to the FLAME code.

Adopting the two-dimensional FLASH/FLAME model will allow the performance
of sensitivity studies in the vertical plane. The study of vertical flow
components resulting from the fluctuating water table will be performed to

e 2 TN . L,
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oW and transport model.

H-47



Use of FLASH/FLAME enables us to quickly adopt a three-dimensional
approach if necessary. For example, if data collected in the spring/summer of
1992 at TAN indicate the need for a 3-dimensional flow and transport model,
and adequate data exist at that point, MAGNUM-3D/CHAINT can be used with minor
modifications to the input deck.

The history of use of FLASH/FLAME is limited due primarily to its rather
recent development. The modeling staff at EG&G Idaho, however, is very
familiar with this code and can modify it quickly.

PORFLO-3D is a three-dimensional finite difference model, developed by
Analytic and Computations Research, Inc. (ACRI). Hall et al. (1990) found
that "organization of previous code and documentation updates seems to have
been rather haphazard," but the code is well verified. It has been used
widely. PORFLO-3D is a powerful model with a user-friendly key word oriented
preprocessor. Because PORFLO is currently used at EG&G Idaho, several
post-processing routines for output are available.

Modifications to PORFLO-3D would include incorporating a dynamic
time-stepping algorithm to make computations of flow and transport at the TAN
site computationally realistic. 1In addition, modifications would inciude
adding the dynamically transient boundary conditions and incorporating the
Boussinesq equation. With these modifications, PORFLO-3D would be able to
soive the head and concentration distributions at TAN. However, the same high
resolution computational grid used for transport would also have to be used to
solve the head distribution, making PORFLO-3D very inefficient in terms of

computational space and computationai time.

MODFLOW is a modular two- and three-dimensional finite-difference model
deveioped by the USGS (McDonaid and Harbaugh, 1984). The documeniation for
MODFLOW is complete, the code has been verified, and it has been used widely.
MODFLOW is a powerful model with an extensive user interface developed for the
personai-computing piatform. MODFLOW is currentiy not used at EG&G Idaho on
mainframe platforms and would require the development of appropriate
pre-processing routines and application of additional post-processing routines
for ihe workstation environmeni. We nole inai these pre- and posi-processing
routines currently exist for the slower MS-DOS machines, and also note that
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the development of similar features for the workstation environment would
require a relatively small effort.

Modifications to MODFLOW would include incorporating a dynamic time-
stepping algorithm to make computations of flow and transport at the TAN site
computationally realistic. In addition, modifications would include adding
the dynamically transient boundary conditions in functional form.

The code currently solves the non-linear Boussinesq equation using a
fixed-point iteration method that is much less efficient than the Newton-type
iteration used in FLASH. With the modifications to incorporate the different
boundary conditions, MODFLOW would be able to solve the head distributions at
TAN. However, although MODFLOW is capable of solving the flow equations,
MODFLOW does not currently have a fully coupled transport component. We note
that the USGS is currently in the process of finalizing the code
documentation, verification, and validation for a three-dimensional method of
characteristics (MOC-3D)} transport code for use with MODFLOW that should be

In addition, there has been a three-dimensional transport code (MT3D)
written to work with MODFLOW by Zheng (1990) of Papadopuios and Associates.
MT3D was developed for the personal computing environment, and is available in
source and executable code format with documentation upon purchase. MT3D was
written in Fortran 77 and couid be adapted for use on a workstation piatform.
As with MODFLOW, it would be more efficient to develop appropriate pre- and
post-processing routines for the workstation environment.

The major disadvantage of using the MT3D code is presented by the
inflexibility in gridding. For example, the same high resclution computa-
tionai grid and temporai time discretization used Tor transpori wouid aise
have to be used to solve the head distribution, resulting in a projected order
of magnitude increase in the numbers of grid cells and time steps used in the
fiow modei.
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Published applications of MT3D are limited, due primarily to its
relatively recent development. However, MT3D is purported to be relatively
slow for average transport problems by existing code users (Donohue et al.,
1992). It is unknown if the computational time requirements were due to
excessive problem size performed on the computing platform for which the code
was developed or due to the algorithm itself. In addition, from a phone
conversation with Ackerman (USGS-Idaho) in February 1992, we found out that
MT3D has not been accepted as the primary transport companion for MODFLOW by
the USGS.

Considering MODFLOW’s lack of time stepping alternatives, and non-dynamic
boundary conditions coupled with MT3D's computational requirements, the use of
this code pair is not desirable.

TARGET-2DH is a two-dimensional finite-difference model developed by Dames
& Moore (1985). TARGET-2DH will solve the Boussinesq equation for simple
boundary conditions. It was developed to run on personal-computing machines
so porting the code to a SUN or CRAY environment should not pose a problem.
However, it has come to our attention that the source code for TARGET-2DH,
necessary to incorporate complex boundary conditions, is not available. The
source code would have to be modified by Dames & Moore, making it difficuit to
validate their modifications.

In addition to the boundary condition modifications, it wouid be necessary
to incorporate a dynamic time-stepping algorithm to make computations of flow
and transport at the TAN site computationally feasible. This modification
would be necessary especiaily in view of the codes inabiiity to specify a
different computational grid for flow and transport. Without the time-
stepping modifications, TARGET-2DH would be unable to solve the head and
concentration distributions within the TAN modeiing scheduie. In addition,
the EG&G Idaho modeling group is unfamiliar with TARGET-2DH.
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H-10. RECOMMENDATIONS

We propose the use and modification of the FLASH/FLAME flow and transport
codes for modeling groundwater flow for the TAN RI/FS. The main reasons are:

e Once modified, FLASH/FLAME will satisfy all the criteria deemed
necessary

o FLASH/FLAME is easily modified to solve the Boussinesq equation, which
is necessary to soive for water-ievei distributions at TAN

o FLASH/FLAME is easily modified to allow functional forms expressing
the dynamic boundary conditions existing at TAN

o FLASH/FLAME currently will handle large variability in time-stepping
through the use of a dynamic algorithm

o FLASH/FLAME will handle the horizontally heterogeneous physical
properties that exist at TAN

e FLASH/FLAME will effectively handle the advection, dispersion,
retardation, and radioactive decay aspect of flow and transport at TAN

e FLASH/FLAME has a comprehensive suite of pre- and post-processing
routines designed to aid in the display and interpretation of results

»  FLASH/FLAME currently runs within the computing environment at EG&G

TAnh~
idanv

e FLASH/FLAME is familiar to the modeling group at EG&G Idaho and can be
quickly modified without affecting the RI/FS schedule.
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APPENDIX I

WATER BALANCE CALCULATIONS FOR THE TSF-07 DISPOSAL POND

I-1



APPENDIX I

WATER BALANCE CALCULATIONS FOR THE TSF-07 DISPOSAL POND

A water balance was calculated to evaluate the impact that infiltration
from the TAN TSF-07 disposal pond may have on the aquifer potentiometric
surface. Input data consists of:

e Water supply well pumping rates, process water discharge, and sewage
plant discharge [obtained from the Industrial Waste Management
Information System (IWMIS)]

e Aquifer test data from perched water wells compieted in the suspected
perching layer beneath the TSF-07 pond and from aquifer wells

e Pan evaporation data [obtained from the National Oceanic & Atmospheric
Administration (NOAA)].

The calculations conducted as part of this water balance are presented in
Attachment 1.

The water balance equation {illustrated in Figure 1) for the TSF-07 pond
is
WW. = FT + GW + dS (1)

l,in S ulout - d wF =7

where

WW,, = waste water discharge to the pond

ET = evaporation

GW, . = flux into the groundwater system

ds = change in storage within the pond.

Assuming that infiltration from the ponds has reached steady state with
the associated perched water body, the storage term will go to zero. This is

probably a reasonable assumption because the ponds have been in use for about

35 years. The time-weighted average flux into the pond for the year 1990 is
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about 286,000 ft’/month. The time-weighted pan evaporation as calculated by
NOAA is about 0.30 ft/month. By applying the most common pan to Tlake
correction factor of 0.7,% the estimated pond evaporation is 0.21 ft/month.
The area of the two disposal ponds within the TSF-07 pond berm is 53,400 ft?,
so the calculated pond evaporation rate is 11,000 ft3/month. This leaves
about 270,000 ft’/month (46 gal/minute) to infiltrate down to the water table.

Darcy’s law can be used to calculate the area of the perched water body,
and is given by

—
™
S~

where

K = hydraulic conductivity
I = gradient
A = cross sectional area through which groundwater flows

{§ = discharge.

Assuming that the perched water body has reached steady state with respect
to infiltration from the ponds, the approximate size of the perched water body

can be calculated by solving for A:

.
(1]
.nka

[
I

(3)

By using the calculated infiltration rate of 270,000 £t3/month, and by
using the hydraulic conductivity value calculated from slug tests conducted on
wells completed within the suspected perching layer of 0.04 ft/day, and
assuming a unit gradient and a radius of 270 ft, the calculated cross

AAAAAA ra?

sectional area of the perched water body is 220,000 ft°.

a. MWinter, T.C., 1980, "Uncertainties in Estimating the Water Balance of
Lakes," Water Resources Bulletin, Vol. 17, No. 1, pp. 82-115.
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The Thiem equation will be used to calculate the effect that infiltration
from the perched water body may have on the aquifer. The Thiem equation is

% + o
& = —=— ln—=
2T T r, (4)
where

N - Fluuvy intn +ha annifaw

\‘ 1 1an Fl W il uqullbl

T = aquifer transmissivity

r, = radius at which no influence from the flux is observed

r, = radius over which the flux is applied.

This approach assumes that the entire flux to the aguifer behaves as a
large-diameter injection well. Using the calculated infiltration rate of
270,000 ft3/month and the calculated radius of the perched water body of

270 ft, and assuming that there is no measurable impact on the water table at

2,700 ft, and an aquifer transmissivity of 14,000 ft?/day,” the calculated
rise in the water table beneath the perched water body would be about 0.2 ft.

Assuming that r  is 2,700 ft is a conservative assumption. Assuming a smaller

r, will yield a smaller s in the Thiem equation.

The Thiem calculations will be tested using the Neuman equation. The
Neuman equation will be used because the aguifer is unconfined. The Neuman
Equation is

b. The transmissivity of 14,000 ft?/day is from USGS-24. It was used in
Tieu of the calculated transmissivity for the TSF-INJ (ANP-3} well because the
aquifer test for this well was conducted in 1988, after it had been used for
waste disposal for 33 years. During this time, particles of waste could have
piugged many of the pores in the aquifer adjaceni to the weli, jocaily
reducing the aquifer transmissivity. Therefore, the calculated transmissivity
from this test may not be representative of the undisturbed aquifer at TAN.

c¢. Ackerman, D.J., 1991, "Transmissivity of the Snake River Plain Aquifer at
the Idaho National Engineering Laboratory, Idaho," U.5. Geological Survey
Water-Resources Investigations Report, 91-4058, pp. 35.
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I
QW(Ub-—B) (5)

g =
4 T
where
Q = flux into the aquifer
T = aquifer transmissivity
W(u,,r/D) = well function selected from a table of values.

Using the same values as above and assuming that the system would reach
steady state in 30 days, the calculated rise in the water table beneath the
perched water body should be about 0.2 ft. The Neuman and Thiem calculations
produce similar values using somewhat different assumptions, suggesting that
the calculated ground water rise is reasonable.

Assuming that the distance to the point at which no effect can be measured
is about 3,000 ft, the gradient associated with the edge of the groundwater
mound would be about 1 X 10™*. The regional gradient at TAN is about 2 X 1074,
The addition of the groundwater mound could increase the gradient in the
vicinity of the TSF-07 pond by about 50%. Therefore, infiltration from the
pond may create mounding, which could impact groundwater flow paths in the
vicinity of the pond; however, the impact will be small. In other words, the
gradient will go from 1 ft per mile to 1.5 ft per mile, a relatively small
increase compared to impacts from the production wells. Figure 2 shows the
location of the TSF-07 pond in relation to the TCE plume. Note that the main
body of the pond is up gradient from the TCE plume, and that pumping from the
TAN water supply well has a much greater impact on the water table than the
mound beneath the pond.

In summary, a water balance was calculated to estimate the effects that
infiltration from the TAN TSF-07 disposal pond might have on the aquifer
potentiometric surface. The data and assumptions used in these calculations
include flux into the ponds obtained from IWMIS, hydraulic conductivity data
obtained from aquifer tests, pan evaporation data from NOAA, and assuming the
pond and associated perched water body are in steady state. The calculated
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infiltration rate is about 270,000 ft®/month (46 gal/minute) the calculated
area of the perched water body is 220,000 ft?, and the calculated rise in the
water table beneath the perched water body was about 0.2 ft. Therefore,
infiltration from the ponds could have a measurable effect on groundwater flow
paths. However, pumping from the TAN area water supply wells will have a more
pronounced effect on plume migration, but both appear to act together to
change the flow path from the southeast to east-southeast.

A1l equations used in these calculations can be found in any standard
groundwater hydrology text. These calculations assumed homogeneous and
isotropic media and steady-state conditions. Because of the fractured nature
of the aquifer and fluctuations in water use at TAN, the actual impact to the
system might be somewhat different than these calculations indicate.
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ATTACHMENT 1, CALCULATIONS

Variable assignments

areal = 650-ft-60-ft area of pond 1
area2 = 320-ft-45-ft area of pond 2
ft
pet = 0.2986 —"—]-6 pan evaporation, from NORA
. PR« - | : i
uin = ZA5383000 » — Total flux into ponds for 1990, from
r IWMIS
. ft
K = 0.04:— hydraulic conductivity of sediments
day beneath TSFO07 ponds, from aquifer test
data

o= 1 _ vertical hydraulic gradient

evaporation calculations

A ~ ——
- - . & . A Lcn:aJ. PUHQEQ area
area = areal +area2 area 5.34-107 - ft within TSFO7 pond
5 ft3
Qin = 2.83:-10 mo monthly influx into ponds
et = pet-.7 evaporation rate from ponds obtained by
- applying the most common pan to lake
ft SpPPsy Aty 0
et = 0.21+— correction factor of 0.7
mo
ET = et-area total evaporation per month is obtained
3 by multiplying the evaporation rate
4 ft times the area

calculation to determine flux into the ground water system

Qgw := Qin - ET flux into the ground water equals the

ft3 total flux minus the volume lost to
Qgw = 8.93- 10 evaporation

avy
et J

1-10
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calculations to determine the approximate size of the perched water body

pw_area := %-gllv pw_area = 2.23: 10° - fr2
I ,pw_area

P
rw = 2.67- 102 < ft radius of perched water body

ground water rise calculations using the Thiem equation

ftz
T = 14000- day agquifer transmisivity
ro .= 2670-ft radius at which no drawdown is cbserved

(estimated value)

- e amd ic
rw = 2.67-10% -t dius over waleh

_g'_g!v_ - In _EE = 0.23 - ft ground water rise beneath the TSFO7
2:p-T rw ' pond using the Thiem equation

ground water rise calculations using the Neuman equations

Ly |
-~

rw

R 1.78 calculate r/D
{ 200 - ft)
t = 30-day assume steady state will be reached
X in 30 days
ub = rw? - 0.01J
' (4-T-t)

1 93
- 2.37-10

"well function" (W(ub,r/D)) picked
Wub = 4.91 from a table of values using the r/D
and ub values

ground water rise beneath the TSFO7
pond using the Neuman egquation
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INTRODUCTION

Nine wells in the Test Area North (TAN) have had one or more pumping
tests conducted in them between 1953 and 1987. Table 1 lists the wells,
dates, duration, pumping rate, specific capacity and other pertinent data
from these tests. Figure 1 shows the locations of wells in the TAN area.
Five pumping tests were conducted in 1987. These tests were conducted by
the USGS and the data was provided to £G&G, Idaho, Inc. for interpretation
as part of the RFI of TAN.

A number of pumping tests were conducted in the TAN area in the
1950’s. These tests were conducted by the USGS and utilized higher
discharge rates over longer periods of time than the 1987 tests. The
1950’s pumping tests were documented and published in several reports by
the USGS. These reports summarize the calculated transmissivity and
storativity values which were based on standard ana]ytica1 solutions at
the time. The raw field data and most of the piotted and interpreted
time-drawdown plots are not given and, therefore, determining the accuracy
of the calculated transmissivity and storativity values is difficult.

This report provides an interpretation of the 1987 TAN pumping tests
and summarizes the 1950's pumping tests. The 1950’s tests of the TAN

welils are discussed in a number of USGS documen

(1959), Waiker (1960) and Mundorff et al. (1964).

r MAL DTUCN DAY ANIITCED M
t SNAKE RIVER PLAIN AQUIFER NEAR TAN

il
i

t
River Piain Aquifer. The Snake River Plain Aquifer is defined as a series
of basalt flows and interlayered pyroclastic and sedimentary materials

which underlie the Snake River Plain east of Bliss, Idaho {(Mundorff, et.

toa anAd tha
T QI L

ai., 1964). The Snake River FPlain Aquiter extends
Hagerman Valley on the west to Ashton and the Big Bend Ridge on the
northeast. Its lateral boundaries are formed at the contacts of the

aquifer with less permeable rocks near the margins of the plain. Although
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Table 1. Summary of pumping tests conducted at TAN, 1853-1987.
Penetra-
Drawdown tration Static
Well Number Date of Duration] Pumping|near end| Specific below Depth Water Casing and
Test of tests] rate |[of test [ capacity | water of well| Level Perforations
INEL UsGS {hours) {gpm) | (feet) | (gpm/ft) (feet) |(feet) | (feet} {ft. BLS)
TAN-1 6M-31E-14abl} 4/17-18/58 16 1,735 12.3 140 139.2 340 201 18", 2-340:;
{ANP-1) perf, 230-330
TAN-2 6N-31E-13ac?| 11/12-23/53 72 1,220 21.3 57 134 345 211 }16", 5-345
(ANP-2) 11/18/87 4 1.010 1.7 131 Perf. 235-355
TSF-1HJ 6N-31E-13abl 1/13/87 1.3 20 12.7 1.6 81 310 199 {1z, 2-310;
{ANP-3) Perf, 180-244
(TAN disp.) 269-305
ANP-6 GN-31E-10acl| 9/5-6/56 23 450 0.16 | 2,810 91 305 214|107, 2-305;
perf. 211-255
265-296
7/10/87 3 40 none —- 91 305 214
FET-1 EN-31E-14abl| 4/17-18/58 16 1,735 12.3 140 133.2 340 201 1187, 2-340;
{LOFT-1}) Perf, 230-330
FET-2 6N-31E-14ab2 5/03/58 i6 1,820 17.9 100 258.9 461 202 |18", 2-453;
(LOFT-2} Perf. 203-448
FEYT Disp. GN-31E-1lcdl| 11/23-24/57 ? 643 4.3 149 101 300 199 10", 2-300;
Perf. 175-295
IET-DISP 6N-31E-12acdl 7/09/87 2 20 2.4 8.3 100 324 209 12", 1i-324;
Perf. 219-312
LPTF disp. EN-32E-22ccly &/20-21/57 22 615 53.0 12 109 315 2086 |10", 2-314;
Perf. 187-314




a single lava flow may not be a good aquifer, a series of flows may
include several excellient water bearing zones, If the sequence of lava
flows beneath the Snake River Plain east of Bliss is considered to
consitute a single aquifer, it {s one of the world’s most productive
(Mundorff, et al., 1964). The water wells in the TAN area penetrate the
upper 100-200 feet of the Snake River Plain Aquifer. As anticipated,
based upon the regional setting of TAN in the Snake River Plain Aquifer,
most of the TAN wells have high transmissivity, although locally some of

the wells have relatively Jower transmissivity.
ANALYTICAL METHODS

The 1987 pumping test data were analyzed by two methods, Neuman
(1975) type curve matching for an unconfined aquifer and the Cooper-Jacob
straight-line method which assumes the aguifer is confined. Detailed
discussions of both of these methods are given by Fetter (1980). The
Neuman type curves takes into account gravity drainage in an unconfined
aquifer and may be more appropriate in the unconfined Snake River Plain
Aquifer than the Cooper-Jacob (1946) method. The Cooper-Jacob method is
based on a confined analytical model (Theis, 1935) and was used to provide
a double-check of the Neuman method. Although, in a majority of the
cases, the drawdown-recovery curves did not show gravity drainage and a
good correlation was found between the two methods. The analytical
methods that took into account gravity drainage were not available at the
time of the interpretation of the 1950’s tests, therefore, the tests were
interpreted using the Theis {1935) solution and the Copper-Jacob (1946)
methods. Not addressing the effects of gravity drainage may have caused
an over estimation of the transmissivity and storativity values for the
1950's tests.

A well pumping in a water table aquifer extracts water by two
mechanisms. Initially, the decline in pressuyre in the aquifer yields
water due to elastic storage (storativity). The declining water table
also yields water as it drains under gravity from the aquifer (specific
yield) (Fetter, 1980). For the initial pumping phase, the water level
decline follows the Theis curve, As time progresses, the rate of drawdown
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decreases as water drains under gravity from the aquifer. At longer
periods of time, when the effects of gravity drainage become smaller, the
data again follow the Theis curve.

None of the pumping tests conducted at TAN (or probably anywhere else
in the Snake River Plain Aquifer) were conducted long enough to observe
the drawdown data following along the Theis curve during the final phase
of the tests. The final phase of a pumping test in an unconfined aquifer
is ¢ritical for defining that, indeed, the aquifer is unconfined and its
behavior is controlled by gravity drainage. There are a number of
factors which can cause an aquifer to respond as if it were receiving
water from gravity drainage. It is estimated that the duration of a
pumping test at TAN would need to be at Teast 20-30 days at 1000 gpm in
order to observe the complete Neuman type curve response (Mann, 1989,
personal comm.). A pumping test of this magnitude at TAN would be
impractical, expensive and would create interpretation problems of its
own,

In many cases the plotted data in Appendix A of this report and the
earlier USGS reports initially follow along the Theis curve and as time
progresses begin to fall to the right of the Theis curve. This is the
response which the Neuman analytical method predicts. Falling to the
right of the Theis curve indicates less drawdown than predicted for a
confined aquifer. There are a number of other factors besides gravity
drainage which could cause the data to fall to the right of the Theis
curve. These factors include but are not limited to the following:
Recharge
Constant head boundary

W N
P

The effects of partial penetration and variations in horizontal
and vertical K

Gravity drainage

.. Changes in barometric pressure

Returns from pumpage

Leakage across confining layers

Nearby wells stop pumping

R~ O N e

Factors one and two can be eliminated in the TAN area because prior
to and during the pumping tests the annual precipitation rates were low
J-7
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recharge from constant head boundaries such as rivers and playa lakes was
not a possibility. Partial penetration, gravity drainage and leakage
across confining layers have similar effects on the drawdown versus time
plots. Because several geometric factors are unknown for the aquifer at
TAN the effects of partial penetration cannot be corrected (see Appendix
A). Gravity drainage and leaky confining layers have very similar type
curve solutions for the early and middle time data. Substituting one
curve for the other would not introduce as much error as matching, in
either case, to the Theis solution. For the TAN wells the leaky confining
layers would have to be below the depth of the wells since most of the
wells are open from the water table to total depth (the contributions from
d .

a lower source shoul

s

| S, mdmeml )
ue Winiiial .

Barometric corrections can cause the data to fall either to the right
or the left of the Theis curve depending on the change in atmospheric
pressure. Barometric corrections were made to the 1950’s data.
Barometric corrections could not be made to the 1987 data because the
barometric pressures were not recorded. However, due to the very short
durations of the tests (less than 4 hours) barometric fluctuations on the
1987 test should be small. Returns from pumpage should not affect the
1987 and the 1950’s test data because it would probably take more than 3
days for water to percolate through the overiying sediments to the
aquifer. Nearby wells shutting on and off during the tests may have been
a factor in the tests, however, because of the high transmissivities and
the long distances between wells (hundreds of feet) the effects from this
factor would be very small. The above section was summarized from a
discussion with USGS personnel (Akerman and Mann, 1988).

It appears that gravity drainage of the dewatered unconfined Snake
River Plain Aquifer is the major contributing factor causing the time
drawdown plots to fall to the right of the Theis curve. The use of the
Neuman analytical solution for an unconfined aquifer is, therefore, the
most appropriate technique for analyzing the TAN data which falls to the

right of the Thei urve
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The analytical methods used for analyzing the pumping tests assume
that the test well is fully penetrating. This is not true for any of the
tested wells, in fact, there is some question as to the thickness of the
Snake River Plain Aquifer at the INEL. The effects of partial penetration
on drawdown in an unconfined aquifer are discussed in Appendix A. It
should be noted that the calculated aquifer parameters are approximate
values because of the effects of partial penetration.

A Th 1 1 %
A. The calculated aqu

data for the 1987 aquifer tests are given in Appendix B. Figures AlA-ABA
are the log-log plots of the data showing the best fit for the Neuman type
curves and Figures A1B-A8B are the semi-log plots for the Cooper-Jacob
straight-line method. Table 2 shows the results for both the Neuman and
Cooper-Jacob methods and an average transmissivity and storativity for the
1987 tests. The averages are based upon the data from Figures AlA-A8A and
A1B-A8B.

The calculations for the 1987 pumping tests are presented in Appendix
tar

s are tabulated in Table 2. Drawdown

Several factors effect the quality and reliability of pumping tests.
These factors can alter the shape of the time drawdown plots and because
the plots are matched to type curves it is important to recognize where
the correlation to the type curves could adversely affect the calculated
aquifer parameters. Generally, there are several types of errors which
can be introduced into the data during testing. Criteria were developed
to eliminate data which might introduce an error into the type curve
matching technique. Table 3 lists the criteria used to eliminate data
from the tabulated values in Table 2 (see footnote in Table 2).
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Table 2. Aquifer Parameters Calculated from Pumping Tests

in the Test Area North Weils,

Neuman Method Jacob Method Average Values*
Open Mater Saturated] @0 |---cesscemmemmrmmasa]rerercrro st e r oo
p @ Interveal Level Length D = Drawdown|t x 100,000 ] T x 100,000 ] T x 100,000 8 K
Wetl Wel l gpm {{ft 8.L.5.)|¢(ft B.L.S.)| (b*) R = Recovery| gpd/ft gpd/ft gpd/ ft ft/day
TAN-1Y TAN-1 1050 200-360 208 152 D 2.8° - 2.4° - 2.5 - 220
R 1.3 - 3.0 -
TAN-2 TAR-1 1050 235-335 P43 100 D 0.9" 0.003" 18.0 6.003 1.5 0.004 200
R 2.0 0,005* 26.0 0.006
USGS 24 ITAN-1 1050 255-265 215 105 o 11.0% 0.003" 16.07 0.603~ 14.0 0.003 | 1700
270-275 ’ R 28.0 0.005 bl bl
285-375
TAN-2 TAN-2 1010 235-335 211 108 D 0.9 - 4.8 - 0.9 - 120
R 8.9 - 6.6 -
USGS 24 |TAN-2 1010 255-265 215 105 D 26.0" 0.00%" 22.0* g.002* 1.0 0.002 | 2700
270275 R 5.5 0.02 19.0 o.01"
285-375
TAN-1 TAN-2 IO 1] 200-360 208 152 1] 23.0* 0.005* 22.0* 0.004" 23.0 g.005 | 2000
R 23.0" 0,005 22.07 0.004"
IET-DISP [LET-DISP[19.99| 219-319 209 100 D T - 0.5~ - 0.4 - 54
R R Tkl - 0.3* -
TSF-INJ  |TSF-INJ | 19,70 180-244 199 81 D bkl - 0.03" - 0.03 - 5.0
269-305 R bl - 0.3~ -

Wik

Values are based on the average of the reliable pumping test data {see " below).
bata vatues used to estimate T and S.
Storativity calculations are unrelisble from pumped well.

Inconsistent data.

*** Yell bore storage effects.



Table 3. Criteria for eliminating pumping test data from
Transmissivity and Storativity Calculations*

1. The number of water level readings must be adequate to record the
time-drawdown plots for type curve matching.

2. The range of the recorded drawdown data must be large enough to be
distinguishable from changes caused by fluctuations in atmospheric
conditions or other background water ievel changes. These
fluctuations can be several tenths of a foot over a 24 hour period in
the Snake River Plain Aquifer (Nace, et al., 1959). Barometric

............... + dad A
preéssure was nolt recorded during the t

using a barometric efficiency factor cannot be made, but because of
the short durations of the 1987 tests, in most cases this correction
would be minimal, The short term tests {less than four hours) must
have drawdown of at least 0.1 feet to be distinguishable from water

level fluctuations caused by changes in weather conditions.

3. Generally, a good correlation between the drawdown and recovery data
indicates a reliable set of data were collected. However, changes in
barometric pressure, fracture flow phenomenon and other factors can
cause the plots of the drawdown and recovery data not to match.
Therefore, where mismatches occur and there is not an apparent
explanation, the drawdown data was utilized.

4, If the plotted data show evidence of gravity drainage (i.e. the
plotted data follow the Neuman type curves), then the Cooper-Jacob
method would be inappropriate for calculating T and S.

o
o
-5
[£2]

* The data used for caicuiating the average T and S vaiues in Jabie
discussed in the sections on each test.
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The following is a well-by-well discussion of the pumping tests
conducted at TAN during 1987:

(1) Pumping Test of TAN-1 (11-17-87)

The locations of the wells in the Technical Support Faciiity
(TSF) are given in Figure 2. For the pumping well, TAN-1, the
drawdown data follow the Theis curve with the exception of two points
in the first minute of pumping (Figure AlA). These two points
probably represent extremely high pumping rates at the beginning of
the test while the empty pump casing is filled with water. The

And by 3
recovery data show some evid

LR

nce of gravity drainage., Data plotted
on the semi-log graph follow (Figure A1B) a relatively straight line
indicating that gravity drainage had a very minor effect on drawdown
for this well. The calculations for both methods showed very good

agreement (Table 2).
Observation Well TAN-2

This well showed strong evidence for gravity drainage and
therefore, only the Neuman method was used for estimating the T and S
(Table 2). The early time drawdown for this observation well was not
recorded (Appendix B).

Observation Well USGS-24

The drawdown data fit best to the Theis (A) curve (indicating no
gravity drairage)} and this was confirmed by the (ooper-Jacob method
(Figures A3A and A3B). The recovery data showed some evidence for
gravity drainage, however, the lack of data points makes the
interpretation difficuit. In addition, the vrelatively small drawdown
(0.24 feet) may have been effected by changes in barometric pressure
(these data were not provided). Only the drawdown data were used for

estimating the T and S.

¥ . Ts
131G W ll|s ik L1}
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(2) Pumping Test of TAN-2 (11-18-87)

The pumping well shows a very good correlation between drawdown
and recovery and some slight evidence for gravity drainage (Figures
Ad4A and A4B). On the semi-log plot (Figure A4B) there is a second
slope that develops after about 50 minutes. Calculations indicate
that this is not a well bore storage effect and is probably caused by
gravity drainage of the basalts and interbeds of the aquifer. The
estimated T in Table 2 is the average of both the drawdown and
recovery data.

Observation Well USGS-24

The drawdown data for this observation well follows the Theis
(A) curve. Fitting the recovery data to a type curve is difficult
because only three data points were collected (Figure A58). The
drawdown data provided a reasonable fit for both the Neuman and

stima
based on the average values from both methods using only the drawdown
data.

Observation Well TAN-1

The drawdown and the recovery data for this test show good
consistency between the drawdown and the recovery phase. There is no
"~ evidence for gravity drainage (i.e., the data followed the Theis
curve and followed a Cooper-Jacob straight line plot). Both methods
were averaged for estimating T and S.

(3} Pumping Test of IET-DISP (7-09-87)

The pumping tests of the IET-DISP and the TSF-INJ well both
utilized a discharge rate of approximately 20 gpm. Clearly the
transmissivities of these two wells is orders of magnitude less than
those of TAN-1 and TAN-2 where a discharge of over 1000 gpm was
sustained during the previously discussed pumping tests. The
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recovery data for the pumping test of IET-DISP shows the best match
(Figure A7A) with the type curves. The notes (Appendix B) indicate
that the discharge rate decreased at about 10 minutes and was
adjusted to compensate. This explains the sudden increase in
drawdown at about 15 minutes. The log-log plots follow the Neuman
type curves suggesting a delayed response due to gravity drainage.
The semilog plot shows two apparent straight 1ine slopes
characteristic of well bore storage effects (Driscoll, 1986).
Calculations are presented in Appendix A which show that the initial
slope is the casing storage effect and the second sicpe is the
response of the aquifer (Figure A7B). The estimated T for this weli
is based on the second slope using the Cooper-Jacob straight-line

method (Table 2) using both the drawdown and recovery data.

(4) Pumping Test of TSF-INJ Well (7-13-87 and 7-11-87)

The largest drawdown for any of the TAN pumping tests was

ope is the casing storage effect and the
second slope is the response of the aquifer {(Figure A8B). The
estimated T for this well is based on the second slope using the
Cooper-Jacob straight-line method (Table 2).

(5). Pumping Test of ANP-6 (7-10-87)

The pumping test conducted in ANP-6 utilized a discharge rate of
40.27 gpm over 180 min. This was insufficient to cause any
measurable drawdown. To calculate an approximate transmissivity,
conventional solutions could not be used because no drawdown occurred
in the borehole. A steady-state approximation method was used, but
provides only a minimum value for transmissivity. A minimum
transmissivity of 3114 ft2/day (88.2 m&/d) was calculated.
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A discussion of Logan’s method for steady-state flow is given in
d

A ix €. Based on a saturated thickness of 99.01 feet, the minimum K

nnAan
nPPCII

for well ANP-6 is 31.5 ft/day. These calculated values are minimums
only. The actual T and K could be much higher,

1950’s PUMPING TESTS

The USGS conducted the pumping tests during the 1950’s as part of a
regional groundwater study done on the Snake River Plain Aquifer. The
results from the pumping tests are given in reports by Walton (1958),
Walker (1960), Nace, Stewart, Walton and others (1959), Walton and Stewart
(1959) and Mundorff, Crosthwaite and Kilburn (1964). These reports
provide summaries of calculated aquifer properties which are given in
Table 4.

During the 1950’'s when the data were interpreted, solutions for the
analysis of pumping tests in unconfined aquifers taking into account the
effects of delayed yieid from gravity drainage had not been derived.
Using the Theis curve in an unconfined aquifer tends to over estimate the
transmissivity. This is dependent upon the length of the test and the

- L s

ontributions to pumpage from the dewatered porticns of the aquifer. It

appears that the 1950's pumping test calculations are within an order of

magnitude of the 1987 calculations and may be higher by a factor of 3-7
{Tahla 41)
yrEees g

COMPARISON OF THE 1950‘s TESTS AND THE 1987 TESTS

Comparing the 1950’s pumping tests to the 1987 pumping tests shows
several 'discrepancies, however, a careful examination of these data show
the.resylts of the tests are consistent with the complex nature of the
Snake River Plain Aquifer. The most obvious difference between the two is
that the 1987 data estimated the aquifer storativity on the order of
1073 while the 1987 the 1950's tests put the storativity on the order of
10-2 The difference in storativity is related to the duration of the
tests. The 1950’s tests averaged about 20 hours while the 1987 tests
averaged about 2 hours. Water Table aquifers initially provide water to
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Table 4. Transmissivities and storativities for wells in the TAN area,
1953-14987.
Wells Transmissivgty Tranﬁmissivity K
INEL USGS Date of Test | gpd/ft x 10 fte/day Storativity ft/day
TAN-1 6N-31E-13acl 4/16-17/53 7.0 0.01
(ANP-1) 4/30/53 9.5 0.01
7/20-23/53 6.4 0.01
11/17/87 2.5 best 33,000 0.005 220
TAN-2 6N-31£-13ac2 11/22-23/53 6.4 0.01
- [ (ANP-2) 11/18/87 0.9 best 12,000 0.004 120
ANP-6 6N-31E-10ac] 9/5-6/56 60 best 800,000 ---
6N-31E-10acl 7/10/87 <0.2 --- 2,600
TSF-INJ 6N-31E-13abl 7/13/87 0.03 400 ---
(ANP-3)
{TAN DISP)
5
[ET-DISP 6N-31E-12acdl 7/09/87 0.4 5,400 --- 54
FET-1 6N-31E-14abl 4/17-18/58 3.3 44,000 --- 130
(LOFT-1)
FET-2 6N-31E-14ab2 5/03/58 6.8 91,000 --- 200
(LOFT-2)
FET-disp. 6N-31E-11cdl 11/23-24/57 5.0 - 10 100,000 --- 990
LPTF 6N-32E-22ccl 6/20-21/57 0.3 4,000 --- a7
USGS 24 6N-31E-13DB1 ob. well 21 not accurate 280,000 0.003 2,700




pumping from elastic storage {as does a confined aquifer). The declining
water table also yields water as it drains under gravity from the
fractured basalts and sedimentary interbeds. Therefore, for longer test
periods, the storativity value is higher.

Twenty five years ago, Mundorff et al. (1964) noticed the same
difference in coefficients of storage calculated from short and long term
pumping tests. The authors write:

"When pumping starts, the aquifer acts as an artesian aquifer; the
cone around the well expands rapidly. Coefficients determined from data

...... [

obtained during th 1y to only the most

(14}
18}
[\

productive water-yield zone in the aquifer. Within a few minutes, the
head on the water-yielding zone in the aquifer declines sufficiently over
a large enough area that downward leakage from the overlying basalt
supplies a measurable part of the water pumped. At the end of 1 day’s
pumping, ieakabe supplies a significant part of the pumpage; after several
days’ pumping, practically all the water is obtained by downward leakage
from the overlying basalt. The aquifer then acts as a water-table
aquifer, and the coefficient of storage is the average coefficient of the
material dewatered. Because of the continually increasing coefficient of
storage during the early part of the pumping, the rate of change in water
level will be less than it would have been had the coefficient of storage
remained constant. For this reason, the early drawdown data in the
computations give coefficients of transmissibility that are too high."

Clearly, the longer tests provide a more accurate measure of the
aquifers coefficient of storage.

The second apparent discrepancy in the data occurs between the T
calculated from the pumped well and the T caicuiated in the observation
wells. Table 2 shows that TAN-1 has an estimated T of 2.5x10° gpm/ft
when used as the pumping well. The same well when used as an observation

well duri ng the pumping te

2.3x106 gpm/ft, an order of magnitude higher. This may be attributed to

* of TAM-2 had a calculated trangmiss ,un‘v of

1 AN o 11aw WA T LT
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large amounts of water coming out of storage between the pumping well and
the ‘observation well (Akerman, 1989, personal comm.). The observation
wells consistently overestimated the transmissivity because of the effects
of water coming from storage. This problem is amplified because of the
large horizontal offsets (hundreds of feet) between the pumping well and
the observation wells.

A comparison of the transmissivity values for the two periods of
testing show that the 1950’s values range from 3 to 7 times the values
calculated from the 1987 tests. As discussed in previous sections of this
report, this may be attributed to the interpretation method used for the

"ri- .......... :i"

e use of the Theis curve for analy

analysis of the 1550's data. ialyzing
pumping test data from a well in an unconfined aquifer show:ng the effects
of gravity drainage will tend to overestimate the transmissivity for that

aqu1fer [Dviscall, 1Q8K) Thavafora in Tahle 4, tha values listed as best

VM~ IJ AL B i ---

QI

are from interpretations considering the effects of gravity drainage.

Table 2 shows that the transmissivities of wells tested in the 1987
pumping tests ranged over 4 orders of magnitude. The two lowest vaiues of
4.0 x 104 and 3.0 x 103 gpd/ft were calculated from two injection
wells, IET-DISP and TSF-INJ, respectively. It is possible that these two
wells were damaged during the injection process by clogging of the
perforations and the formation by suspended particies in the injections
water or chemical precipitates were deposited in the region of the open
portion of the wells. Therefore, these low values may not represent the
transmissivity of the aquifer. On the high end of the values in Table 2
are the transmissivities from the observation wells. Because of the
effects of high storativity (discussed above) these values are abnormally
high. If the highest and Towest values can be eliminated because they do
not represent the agquifer transmissivities, the remaining values from
TAN-1 and TAN-2 are 2.5x10° and 9x104, respectively (Tabie 2). This
is in good agreement, considering the different analytical methods with
the 1950’s USGS calculations of 5x105 and 6.4x105.

Table 1 shows that for wells TAN-1 and TAN-2 there was an increase in
specific capacity from the 1950’s to 1987. Apparently the 30 odd years of
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production pumping has removed fine sediments and drilling mudcake from
around the casing and filter pack and increased the specific capacity of
the wells., Additionally, during an injection test of TAN-2 (pumping from
TAN-1) the observer noticed a sudden decrease in head (back pressure)} and
this was attributed to the dislodging of a large piece of mud cake from
the well bore wall (USGS Field Notes, 1953). This apparently caused an
increase in the specific capacity of the well.

Considering the heterogeneities of ihe Snake River Piain Aquifer, the
variations in the duration, pumping rates, and methods of data

interpretation, it is remarkable that there is such good agreement between
the 1950’s tests and those tests conducted in 1987
CONCLUSIONS

Based on pumping tests conducted in S wells at TAN (Table 4) the
average transmissivity is 8.5x105 gpd/ft. -Without reanalyzing the 1950’s
tests and understanding that the methods used in the 1950’s over estimated
the transmissivity in an unconfined aquifer, a reasonable approximation of
the transmissivity of the wells at TAN is about 10° gpd/ft (13,000
ftzday). Since none of the wells are fully penetrating, the
transmissivity of the Snake River Plain Aquifer at TAN is probably
higher. In comparison, an average transmissivity for the Snake River
Plain Aquifer, as a whole, is about 5x108 gpd/ft (based upon 33 wells,
Mundorff et al., 1964).

| .

- The short term tests showed the storativity to be about 1073 while
the long terms indicate that the storativity of the aquifer at TAN is
about 1072,

that further pumping tests in the TAN area wells are not necessary.
However, each well is unique in the Snake River Plain Agquifer because of
the aquifer heterogeneities and therefore, it is recommended that new

wells be tested to determine the well transmissivity.
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APPENDIX A

1987 PUMPING TEST CALCULATIONS OF AQUIFER PARAMETERS:
NEUMAN AND COOPER-JACOB METHODS



Partial Penetration

At TAN, production and observation wells do not completely penetrate
the Snake River Plain aquifer. The partial penetration of a pumping well
influences the distribution of head in its vicinity, affecting the
drawdown in nearby observation wells. Waiton (1962) and Neuman (1975)
provide detailed discussions on the effects of partial penetration.
According to Hantush (1961), the effects of partial penetration closely
resemble the effects of leakage through a confining bed, the effects o
recharge boundary, the effects of a sloping water table aquifer, and the
effects of an aquifer of non-uniform thickness. Butler (1957) and Neuman

Fa
i d

{1974} give two egquations where the approximate distance Tpp from the
bl ol o A A
pumped well beyond which the effects of partial penetration are
negligible.
op = 2m vKi/ky (Butler, 1957)
op = m/vKY/Kh (Neuman, 1974)
where:
m = saturated thickness of agquifer, in ft
Kh = horizontal permeability
Kv = vertical permeability

Because of the inhomogeneous and isotropic nature of the basalts at
the INEL, the ratio of the horizontal to vertical permeability for the

Y

PO . - nu-?
to another. d

Snake River Piain Aquifer varies from one location As a guide
to possible ratios, values obtained from cores and in situ tests (U.S.
Atomic Energy Commission, 1969) indicate the ratio might vary from 4 to
78. Th iver Plain Aquifer is not

easily determined because of the expense of drilling deep wells and the

A-3



nature of the interbedded and interlayered basalt flows which make
locating the Tower most permeable zone difficult. For the purposes of
these calculations a saturated thickness of 250 feet was assumed.

By the Butler equation Typ ranges from 1000 ft to 4200 ft, and for
the Neuman equation it ranges from 500 ft to 2100 ft. The horizontal
offsets {radial distances) for the pumping tests in the TAN area range
from 590 ft to 990 ft. It appears that for most of the pumping tests, it
is likely that partial penetration effected the measured drawdowns.

In some cases distance-drawdown data can be corrected for partial
penetration according to methods described by Butler (1957) or Neuman
(1975). However, these corrections cannot be made unless the aquifer
parameters are well defined, including the ratio of the horizontal to

vertical permeability and the thickness of the saturated aguifer. Because

of the difficulties and uncertainties involved with determining these
aquifer parameters, the collected pumping test data will be interpreted
using standard methods. Correcting for the effects of partial penetration
with incomplete or assumed geometric factors might introduce more error
into the analysis than original effects of partial penetration.
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TAN-1 PUMPED WELL

Figure AlA

TAN-1 PUMPING TEST

Neuman-Type Curve Method

Q = 1,050 gpm
= 2.02 x 10° ft3/day

WUy, T) = 1.0

1/U, = 104
A

ho - h = 0.

43 feet

t = 2.5 minutes

T = (2.02 x 105 ft3/day) (1.0) = 3.74 x 10% ft?/day (280,000 gpd/ft)

4n (0.43

RECOVERY

ft)

W (Uy, T) = 1.0

1/U, = 104

ho - h = 0.

t = 9 min

[ 2]

T=(2.02 x10

96 feet

1

cedan v g en
ft*/day) (1.0) = 1.

ar (0.96

ft)
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Figure AlB
JAN-1 PUMPING TEST

Jacob Straight-Line Method

Q = 1,050 gpm
= 2.02 x 10° ft3/day

TAN-1 PUMPED WELL

DRAWDOWN

A (ho-h) = 0.99 feet
to = 0.21 min = 1.46 x 1074 days

T =0.183Q = 0.183 (2.02 x 10° ft3/day) = 3.7 x 10% f£t2/day (280,000 gpd/ft)
A (ho-h) 0.99 ft

RECOVERY

to = (off graph)

T=0.1830 = 0.183 (2.02 x 105 ft3/day) = 4.0 x 10% ft3/day (300,000 gpd/ft)

A {ho-h) 0.92 ft

A-7



(Uiw) NI

Q001 Q01 Ol 1O
TN :
o0 N -
Jﬁlﬂ_ ¢ ,Vr -
\ / s
/. rfl N
/, .pﬁm 14 2610 =V -
;/d/ m
N / ; m
N ™ -
N N -
A NG =
/// NG -
84 6670 + V // ) -
.J/ -
KUIBAG Zsapoald uado -
umppheap = 534t prLos /, N
N -
111N -
120 |= |03 / =

burdwnd bunnp

L=NVL 0 358}
jom burdwind ul umopmou(]

8|V 2unbi4

009

05§

00°G

06 ¥

00 ¥

0G'¢



Figure AZ2A
TAN-1 PUMPING TEST
Neuman-Type Curve Method

OBSERVATION WELL TAN-2
r = 590 feet

DRAWDOWN

W (s, T) = 1.0

1/Up = 1.0

ho - h = 1.3 feet

t = 31 minutes = 0.0215 days

T = (2.02 x 10° ft3/day) (1.0) = 1.20 x 10% ft2/day (90,000 gpd/ft)

an (1.3 ft)

S = 4TtUp = 4 (1.2 x 10* f1Z/day) (0.0215 days) (1.0) = 3.1 x 1073
2 (590)2

RECOVERY

W (U, T) = 1.0

/U = 1.0

ho - h = 0.60 feet
t = 22 min = 0.015 days

T = (2.02 x 10° ft3/day) (1.0) = 2.70 x 10% ft2/day (202,000 gpd/ft)
4z (0.60 ft)

S = 4 (2.7 x 10% ft%/day) (0.015 days) (1.0) = 4.7 x 1073
(590)2
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Figure A2B
TAN-1 PUMPING TEST
Jacob Straight-Line Method

OBSERVATION WELL TAN-2
r = 590 feet

DRAWDOWN

4 (ho-h) = 0.152 feet
to = 2.8 min = 1.94 x 1073 days

T = 0.1830 = 0.183 (2.02 x 10° ft3/day) = 2.4 x 10° ftl/day (1,800,000 gpd/ft)
A (ho-h) 0.152 ft
S =2.25T to = 2.25 (2.4 x 10° ft%/day) (1.94 x 1073 day) = 3.0 x 10°3
r2 (590 ft)2
RECOVER

A (ho-h) = 0.106 feet
to = 4.1 min = 2.85 x 1073

T = 0.1830 = 0.183 (2.02 x 10° ft3/day) = 3.5 x 10% ftZ/day (2,600,000 gpd/ft)

A (ho-h) 0.106 ft
S=2.25T to= 2.25 (3.5 x 105 ft?/day) (2.85 x 10”3 day) = 6.4 x 1073
rZ (590 ft)2

h-:1
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Figure A3A
TAN-1 PUMPING TEST
Neuman-Type Curve Method

OBSERVATION WELL USGS 24
r = 990 feet

ORAWDOUN

4 i

W {Uy, T) = 1.0
1/Up =1

¥ = 11T minn
& e

T = (2.02 x 10° ft3/day) (1.0) = 1.50 x 10° ft2/day (1,100,000 gpd/ft)

~a

4m {0.11 ft)
S = 4TtUy = 4 (1.5 x 10° ft2/day) (0.009 days) (1.0) = 5.4 x 1073

rl (990)2

W (Uy, T) = 1.0

1/Up = 1.0

ho - h = 0.044 feet

t = 4.3 min = 3.0 x 103 days

T = (2.02 x 10° ft3/day) (1.0) = 3.70 x 10° ft%/day (2,800,000 gpd/ft)
4n (0.044 ft)

S= 4 (3.7 x10

(990)2

0-3
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Figure A3B
JAN-1 PUMPING TEST
Jacob Straight-Line Method

OBSERVATION WELL USGS 24

r = 990 feet
DRAWDOWN

A {ho-f} = §.170 feet

to = 10.1 min = 7.01 x 1073 days

T = 0.183Q = 0.183 (2.02 x 10° ft3/day) = 2.1 x 10° ftZ/day (1,600,000 gpd/ft)

A {ho-h) 0.17 ft
S = 2.25 (2.1 x 10° ft2/day) (7.01 x 1073 day) = 3.4 x 1073

(990 ft)?

RECOVERY

inconsisienti data.
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Figure A4A
TAN-2 PUMPING TEST
Neuman-Type Curve Method

Q=1,010 gpm
= 1.94 x 10° ft3/day

TAN-2_ PUMPED WELL

DRAWDOWN AND RECOVERY

W ™ =1 0
oivp, 1 1.V
1/Uy = 104

ho - h = 1.3 feet
t = 21 minutes = 1.46 X 1072 days

T = (1.94 x 105 ft3/day) (1.0) = 1.2 x 10* £tZ/day (90,000 gpd/ft)

1 £
o}

o
o

w f ant
A eeL)
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Figure A4B
JAN-2 PUMPING TEST
Jacob Straight-Line Method

Q= 1,010 gpm
= 1.94 x 10° ft3/day

JAN-2 PUMPED WELL

DRAWDOWN Slope No. 1

A (ho-h)
to = N/A

0.55 feet

T =0.183Q = 0.183 (1.94 x 10° ft3/day) = 6.4 x 10% ft2/day (480,000 .gpd/ft)

4 (ho-h) 0.55 ft
RECOVERY
A (ho-h) = 0.40 feet
to = N/A

T =0.1830 = 0.183 {1.94 x 105 ft3/day) = 8.8 x 10% £t2/day (660,000 gpd/ft)

A (ho-h) 0.40 ft
DRAWDOWN AND RECOVERY Slope No. 2
A (ho-h) = 0.20 feet

T =0.1830 = 0.183 (1.94 x 10° ft3/day) = 1.8 x 10% ft2/day (1,300,000 gpd/ft)

4 (ho-h) 0.20 ft
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Figure A5A
JAN-2 PUMPING TEST
Neuman-Type Curve Method

OBSERVATION WELL USGS 24
r = 920 feet

DRAWDOWN

L 11 ™ - 1A
W olup, L) = v

l/UA = 10.0
ho - h = 0.43 feet
t = 11 minutes = 7.64 x 1073 days

o
[ == QR

T = (1.94 x 10° ft3/day) (10) = 3.50 x 10% ft2/day (2,600,000 gpd/ft)

- A AN Lfa
(V.43 TL)

£

S =4 (3.5 x 10° ft2/day) (7.64 x 1073 days) (10) = 1.3 x 1073
(920)2

RECOVERY

W (U, T) = 10

1/Uy = 1.0

ho - h = 2,10 feet

t = 85 min = 5.9 x 1072 days

T = (1.94 x 10° ft3/day) (10)
4n (2.10 ft)

7.40 x 10% ft2/day {550,000 gpd/ft)

S = 4 {7.4 x 10% £t2/day) (5.9 x 1077 days) (1.0) = 2.0 x 1072
(920)2
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Figure A5B
TAN-2 PUMPING TEST
Jacob Straight-Line Method

OBSERVATION WELL USGS 24
r = 920 feet

DRAWDOWN

A {ho-h} = 0.121 feet
to = 3.4 min = 2.36 x 1073 days

T=0.1820 = ©.183 (1.94 x 10% ft3/day) = 2.9 x 10% £t2/day (2,200,000 gpd/ft)
A (ho-h) 0.121 ft |
S=2.25Tto= 2.25 (2.9 x 10° ft?/day) (2.36 x 10”3 day) = 1.82 x 1073
rl (920 ft)? |
RECOVERY

A (ho-h) = 0.135 feet
to = 28 min = 1.94 x 10°2
T

n ) A s 5 3
= 0.183G = ©.183 (1.94 x 10° ft°/d

A (ho-h) 0.135 ft
S =2.25T to= 2.25 (2.6 x 10° ft2/day) (1.94 x 1072 day) = 1.35 x 1072

r2 (920 ft)?
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Figure ABA
JAN-2 PUMPING TEST
Neuman-Type Curve Method

OBSERVATION WELL TAN-1
r = 590 feet

DRAWDOWN AND RECOVERY

1/Up = 1.0
ho - h = 0.05] feet
t = 2.2 minutes = 1.53 x 1073 days

T = (1.94 x 105 ft3/day) (1.0) = 3.03 x 10° ftZ/day (2,300,000 gpd/ft)
4 (0.051 ft)

S = 4 (3.03 x 105 ftZ/day) (1.53 x 1073 days) (1.0) = 5.3 x 1073
(590)2
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Figure AGB
TAN-2 PUMPING TEST
Jacob Straight-Line Method

OBSERVATION WELL
r = 590 feet

DRAWDOWN AND RECOVERY

T =0.1830 = 0.183 (1.94 10% ft3/day) = 2.9 x 105 ft2/day (2

4 =4

200,000 gpd/ft)

¥

A {ho-h) 0.123 ft
$=2.25T to= 2.25 (2.9 x 10° ft%/day) (2.36 x 10”3 day) = 4.4 x 10°3
rl (590 ft)2
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Figure A7A
IET-DISP PUMPING TEST
Neuman-Type Curve Method

Q = 19.99 gpm
= 3848.1 ft3/day

IET-DISP PUMPED WELL

101

W (Uy, T)
1/Us = 10,
TR

ho - h = 0.084 feet
t = 1.8 minutes

o

T = (3.8 x 103 ft3/day) (107)) = 364.5 ft%/day (2,700 gpd/ft)
4x (0.084 ft)

RECOVERY

W (Uy, T) = 1071
1/Up = 10.0

ho - h = 0.016 feet
t = 1.6 minutes

— - - .‘-? ’lql' 13 £ A
[ = (3.8 x 10° ft /dayj (l0

] A e Vel ~ P oy
‘) = 189.0 fte/day (1,400 gpd/

4x (0.16 ft)
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Figure A7B
IET-DISP PUMPING TEST
Jacob Straight-Line Method
Initial Slope

Q = 19.99 gpm
= 3848.1 ft3/day

IET-DISP PUMPED WELL

DRAWDOWN

T = 0.183Q = 0.183 (3848.1 ft3/day) = 677.1 ft2/day (5,100 gpd/ft)
A (ho-h) 1.04 ft

RECOVERY

A (ho-h) = 1.50 feet
to = N/A

T=0.183Q = 0.183 (3848.1 ft3/day) = 469.5 thfday (3,500 gpd/ft}
A (ho-h) 1.50 ft
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Figure A7B
IET-DISP PUMPING TEST
Jacob Straight-Line Method
Second Slope

Q = 19.99 gpm
= 3848.1 ft3/day
IET-DISP PUMPED WELL

DRAWDOWN

A (ho-h) = 0.1 feet

- r B T Weda Fwiww

to = N/A

T =0.1830 = 0.183 (3848.1 ft3/day) = 7042.0 ftz/day.(53,000 gpd/ft)

A (ho-h) 0.1 ft

RECOVERY

A {ho-h) = 0.17 feet
to = N/A

T = 0.183Q = 0.183 (3848.1 ft3/day) = 4142.4 ftZ/day (31,000 gpd/ft)

A (ho-h} 0.17 ft
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IET-DISP
Figure A7B
Well Bore Storage Calculations

Tc = 0.6 {dc? - dp?)
Qs

tc = time, in minutes, when casing storage effect becomes
negligible

dc = 1inside diameter of well casing, in inches
dp = outside diameter of pump column pipe, in inches

Q/s = specific capacity of the well in gpm/ft of drawdown at time

tc
dc = 12 in.
dp = 2 in.
Q = 19.99 gpm
s = initial assumption = 2 ft.

by iteration:

Recovery
s from recovery
tc s graph
8.40 2 2.55
10.7 2.55 2.6
10.9 2.6 2.6
Drawdown
s from drawdown
tc s graph
10.5 2.5 2.15
9.0 2.15 1.9
8.0 1.9 1.85
7.8 1.85 1.84
tc {recovery) = 10.9 min.
tc (drawdown) = 7.8 min.*
* Drawdown curve and discharge rate were effected by a decrease in
pumping rate (Figure A7B). Therefore, tc for the drawdown curve is

probably in error.

£-00



The Tc (recovery) value suggests that the casing storage effect would have
become negligible after approximately 11 minutes. Thus, the initial slope
provides an erroneous T value and any predictions of the wells’

performance should be based on the T value, calculated on the basis of the

latter part of the curve. The transmissivity calculations are on the
following page.
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Figure A8A
JSF-INJ PUMPING TEST
Neuman-Type Curve Method

Q =19.7 gpm
= 3970 ft3/day

TSF-INJ PUMPED WELL

W (Uy, T) = 1071
1/U, = 1.0

TR

ho - h = 1.2 feet
t = 2.3 minutes

T = (3.79 x 103 ft3/day) (107!) = 25.1 ft?/day (190 gpd/ft)
an (1.2 ft)

RECOVERY

W (Up, T) = 1.0
1/Up = 1.0

ho - h = 5,0 feet
t = 0.44 minutes
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Figure ASB
TSF-INJ PUMPING TEST
Jacob Straight-Line Method
Initial Slope

Q = 19.70 gpm
= 3970.0 ft3/day

TSF-INJ PUMPED WELL

DRAWDOWN

A {ho-h) = 11 feet

to = N/A

T = 0.183Q = 0.183 (3970.0 ft3/day) = 66.5 ftZ/day (500 gpd/ft)

A (ho-h) n ft
RECOVERY

A (ho-h) = 7.6 feet

to = N/A

T-0.1830 = 0.183 (3970.0 ft3/day) = 95.6 ft%/day (700 gpd/ft)

A {ho-h) 7.6 ft



Figure A8B
TSF-INJ PUMPING TEST
Jacob Straight-Line Method
Second Siope

Q = 19.70 gpm
= 3970.0 ft3/day

TSF-INJ PUMPED WELL

DRAWDOWN

A (ho-h) = 1.8 feet
to = N/A

T =0.183Q = 0.183 (3970.0 ft3/day) = 403.6 ft/day (3,000 gpd/ft)
& (ho-h) 1.8 ft

RECOVERY

A (ho-h) = 1.6 feet
to = N/A

- S cam tmmme A Eed i ccs v £il s e s P
I = 0.183¢ = 0.183 (3970.0 fi°/day) = 454.1 ft*/day (3,400 gpd/ft)

A (ho-h) 1.6 ft
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TSF-INJ
Figure A8B
Well Bore Storage Calculations

- . | . 2.
Tc = 0.6 (dc® - dp®)

Q/s
Where:
tc = time, in minutes, when casing storage effect becomes
negligible
dc = inside diameter of well casing, in inches
dp = outside diameter of pump column pipe, in inches
Q/s = specific capacity of the well in gpm/ft of drawdown at time
ic
dc = 12 in.
dp = 2 in.
Q = 19.7 gpm
s = initial assumption = 10 ft.

by iteration:

Recovery
s from recovery

tc S graph
42.6 10 12.2
52.0 12.2 13.3
£2.4 12.2 12.3
Drawdown
s from drawdown
tc 5 graph
42.6 10 i2.3
52.4 12.3 12.4
52.9 12.4 12.4
7.8 1.85 1.84

tc (recovery) = 52.4 min.
tc (drawdown) = 52.9 min.

The Tc values suggest that the casing storage effect would have become
negligible after approximately 52 minutes. Thus, the initial slope
provides an erroneous T value and any predictions of the wells’
performance should be based on the T value, calculated on the basis of the
latter part of the curve. The transmissivity calculations are on the
following page.
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APPENDIX B

AQUIFER TEST FIELD DATA SHEETS
FOR 1987 PUMPING TESTS
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AQUIFER TEST FIELD DATA SEEET

X Pumped well TAN = i 'zg\‘é.m:j R Page { of £/
QObservation well No. A
— 2
. o TAM Berldingll
Owner: DQOE Location: 425054 11741 3 o\
s 3%, 3acd
Observers: +3 gﬂu o e e

R.n-p \noa.SQ Cluar'
feetsurface.

. L . ol . .
Measuring point Lsﬁ";,[“_ oL 1 a,,;;\:,[._r which is 145 below

Static water level 20 .22fget bhelow land surface.

Disiance to pumped well feet.

I SEY | VA -
:

a o~ -
ell (O] el

Total number of observation wells 2"
Clock | Elapsed time Depth to | (Drawdowm
Date time since pumping | water, below or Remarks
started /stopped | land surface recovery
(minutes) (feer) {{feet)
) ; — D
wlgH oo < . 204.22 » Ve p i
(10620 20 33 20196 3;?3]
A .
HOO3S |. .33 58 20% .03 1\
! ] s
W00 L | Ll 207.82 '34;0‘,_
\o \10 12D | 1.33 207.90 3.6%’% -
- i i NI :
WO (35 3L | 158 208.0% 3.78"
: i ;
o (5% {95 ' 193 20% A0 3 .38
Creng | 2080 2.30 ZA% .20 3%
S ALOZED 2.50° 2R3 20%.38 ‘4-‘937‘j
ha325] 3250 342 20%.40 ang’
LLod (& AHD 4.\, 206% . SO 4.2%
Lozl Sa2 =20 2% . 60 4.3%
106! 4.0 6.0 208}, GG 4.44




AQUIFER TEST FIELD DATA SHEET

o JPSTN.
WORWLAUA LLOI

Lt
3&:\'@!’”’\

X Pumped well TAM T 1

P I
ST,

ot 2.

)
St

Page 2 of £

Clock Elapsed time Depth to Qrawdowi
Date time since pumping | water, below or Remarks
started /stopped | land surface recover
fﬁ‘iﬂdie (feet) '(f_é"é'ti )
“f"? [8? o3 7.0 20%. 72 45D
16 g g.0 20¥ R 4.56
1o 9 .0 208.%2 ALD
1o 0.0 268 3¢ 4.64
- 2.0 20% .94 A2 -
1A .0 2.0%.39 - 43
Wi 6.0 209.04 482
W7 1£-0 209.09 A 23
h2o 2.0 209. 14 492
2z 2z2.0 209.1% 4 90,
1124 243 209.24 £02
1z 2¢.0 209.30 $.0%
W23 2%.0 20935 £.13
1o 30.0 209.3% £k
W35 35.0 209.95 £.2%
1140 40 .0 209.5) £.25
nas 45 . 269.55 £.33
HE0 £0.0 209.60 5.3%
nss £5.0 Z209.62 £4n

P-%




AQUIFER TEST FIELD DATA SHEET
Continuation sheet
“TAN P TR 62

_X Pumped well Page 3 of £

Clock Elapsed time Depth to Drawdown
time since pumping water, below or Remarks
started /stopped | land surface PCAve
iuted) (feet) “{feet) :
1200 690 209. 62 S42
\2 o 76.0 209,90 & A%
220 R0 .0 20930 £,54
1230 $0.0 209. 84 5 62
1245 105.O ‘
- 209.95 =73
J\aso ) 209.9% - 57
(300 126.0 218.00 Sy
\315 135.0 210.03 5%
330 | 50.0 210.0¢ £.34
400 1300 218 .09 5373
148 195.0 201z 90
143D 2110.0 2.0 .14 5172
435  "EIEY 210.14 douN 08 SE
w rei g g A T \
?\acau ey
143538 3] .58 205.¢ <4.34
)4 5LSS / 55’13' 93 2083 4.64
! -
{43615 /9] 125 208 .4 4,74
‘ oL . _ i
143726 2.20! 2.33 205 3y A 3
l4.3% 0D 3.9 | 2.2 205.3p 4.59
N— %FQG_L“Q"‘ (WS N~ S L\'\(SPLC"\ lbg_\ AN \Achegs e L~ ‘_-\'_.‘_‘ «:-(‘2- ?J e P
L) e Mnn}\ai\ '\\'Q @ o U‘*-‘“'T JZ Ny =To) Lo b o-M:.Q vl_Q‘A_
.?uv-\P -.fLU-\" Ab"‘“nj _T S ’(_ ‘,’L\ﬂ‘\ SL, LQ “Q""!

\0. PQ'Q_QQ-P_?'EJ - e e ~



AQUIFER TEST FIELD DATA SHEET

Continuation sheet

R'\Ca-t.‘ Q‘\-z-

_X Pumped well = Page 4 of 5
—__ Observation well No
Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below Remarks
started /stopped| land surface
(HilAutes (feet)
L3 | wagen %.’; Ol Sbb| =o5.22
K39 00 ji% 4.0 20513
439 e | . 45;@5’ 4.25 20515
qwes| 485 433]  zesa
194004 5 :"51 £.2 20510 -
JMdozn 536 | 5.5 20K.07
B lod g | 60 205.05
Kqal3d 631‘39 %3 26 5.00
443D g€.0 204 .97
g 2400 9.0 204 9 |
4 4500 6.0 204 39
144600 t.o 204 .86
4 4709 2.0 204.%4
144500 14.0 204 806
K 5000 /s 204 7§
[ 455508 20.0 204 0
JSO00]Y 25.0 704. 6% 5,46
1 SHEOA 36.0 Z04.65 £ .49
(51300 A40.0 204 62 5.5

£-6




TEEE=msd  AQUIFER TEST FIELD DATA SHEET
Continuation sheet

-~

% Pumped well TAMN T “Tic. e Page & of &

—

Observation well No.

Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below Remarks
started /stopped| land surface
RIS (feet)
wla sy 152060 ' £0.0 204. 59
[£3600 LD .0 204.57
<450 . F5.0 204 .57
1L000D 80.0 204.55
10 0D 10,2 204 .59 N
4 B[O 128.0 20453

B-7




__ Pumped well

AQUIFER TEST FIELD DATA SEEET

< Observation well No. 74~ *2 (AP *2)

Owner:

DoOE

Observers: K. G. £rser

Measuring point is 7= ¥ /* /[ ne

Static water level

Page [ of 2

—

Locaticn: TAN &4y, #¢t3

which is

Distance to pumped well S00.0

Discharge rate of pumped well /o5

209.53 feet below land surface.

feet.

feet

gpm (gallons per minute).

Total number of observation wells 2 -+ /9‘-’-”1/9&/ Wﬁ//‘
=5 y

above
below

surface,

Clock Elapsed time Depth to 4~Drawdown,
Date time since pumping | water, below T—9vr—" | Remarks
started /stopped | land surface recovery
Xfeer) S CAN
LY ‘ ,5”’4',7 ue?@‘. b .
H-17-87 )1 oo 00| FumpP oy Oos| 22153 42 B Fomp ol
< Bt X : ¥
//0F co| 5. oo e\ 2200~ 2.35 | 07
1210 oo 2(2 - Z.3( o1t -
1:15 {502 213-3. 3¢ ottt _
IHi25 250s 212~ 3.32 o. It
11:35 35,00 212-2.28 209720 0,74 | 7"
45 4500 s \xz-223=209377\0.49  —
1200 Bo o0 2/2-2.23 = 20971 ©.19
17730 9000 212-2.195 209.81| 0.23
/2. 50 /1000 212-2.16 % 209.84.10. 26
! 300 12000 217-2.15= 22985 0.27
/.';Is‘ /3500 212-2.16 205.8% (0.26
/3 30 }150;00 2:’272.15T 2088580, 27

B-8




AQUIFER TEST FIELD DATA SHEET
' Continuation sheet

Pumped well Page Z of__?:_‘
_“~ Observation well No. AnPH2
Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below or Remarks
started /stopped| land surface recovery
{minutes) (feet) (feet)
H-17-87 | (345 16500 2/2.~2.15 = 209.95| O.27
T lr4ee /80:0° 212-2.157 2098510.2.7
ke - - .
/4¢3 L0, 2/2=2.15% 20985 0.27 -
Y (445 225:00 2!2*2.155209-35_}0 27~
. . —~— IS AL TS
‘" " ' P ey f @rned
//-17-87} 1502 2o 00  METa\2i2-2.071z 22983 | L pETy
1512 250.00 28mn [2/2-2.22. 229.78] .07

1520 | 2¢0%0 vs o |212-2.232 20977| 0.08

T'Aft ST ke T

/53 27o 00 45{212-2.2520995 | 0.1 Meias. fome
/5% ! 28c o= 56 mm claaned Tape
550 190:0a  (san|2/2-2.27:20973| 2. /2

/oo B0o:eo 3l 2/2.239_5.99210.12

1675 Zi5:a> Wwnl2/2.- 2282209 o 1 |

/630 33000 WSmn |22~ 2.272 209,73 |02

/45 34500 1 WeinlD12-2 2oz 208.74 VL] Termnaled #er?
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IECSe=rr AQUIFER TEST FIELD DATA SHEET

Pumped well

of 2.

—

Page |

_X Observation well No. UGS ™24
0S¢

Owner: Location: 4350512420801

06N 3L 13dbbl
Curevlar EOH'G ?S-f‘z,uu“

T,
. Ty — L CGahove’ R
Measuring point is 3 | caguwng wiich is l.%‘9 feet . 10 surface.
— elow

Static water levei 200).G#S feet below land surface.

Observers: K. Je.-\sev\

Distance to pumped well feet.

/OSSO

1 00O

Discharge rate of pumped well gpm {(gallons per minute).

L4

Total number of observation wells 2, OSGS 24 cnd TANT2 t CLSE"WL'L(
' P @ TANE

Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below or Remarks
started /stopped | land suriace recovery
(riauiasy (feer) {feati ™0
v [
ulrfg?! yoo & 209075 | & | Ruwpon
T _ . - -
1o 1S . 209.30 0,025
%o [ 20 209 .35 8.0FS
1200 40 209 . %0 D.125 "
1230 % 209.825 0. 15D -
B oo 2.0 20950 | 0uts
1330 ISC - 209 8¢5 . 20.
1460 1 F0 209,90 8.228
lazs | 25 209,915 0240
/ARs R 209915 ”ﬁj Q,WP OFF
/4 50 /s 209 880 OBS
15051 30 2009 815 | 9.040
v 1§38 X, 207 %6S 6.085

¥ Ma!r'ﬂ" 'DJ\ Quw

wnl—-.r \_Q_U '.‘ reco v-cker‘

A~BS SN WWT-64 ALC PR, F20-13004

B-10




AQUIFER TEST FIELD DATA SHEET

Continuation sheet
____ Pumped well Page 2 of 2
_2& Observation well No. LS6E3 B 24
Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below or Remarks
st%ﬁ;ped 1a:;1f ::tz;face
whrkel sos ® 209 %S
| | Je3s PO 200.85
{708 iSO 207.85 a
(735 L§O 209.85 M
V | ses 210 200.%8 -
. “The fTsanJHth, 0 &ﬁéBtDJ‘Q. [N %-N
B nae V\§Lc\.v\:{' \u)- LQ«N_; o-iL Lau\
ic.m:.y N\ mﬂ fbung -3(‘9%'&"-. .—ﬁmg
chAd_ "ae.. D S et~ é-« LQL _ Ludoge o \a_ue,\
'r-@_cof;c‘w.f th‘*c\.[;.‘:‘\... ;"3@5&.?.

B-11




X Pumped well

Page ' of 3~

Cbservation well No.

Owner: DOE Location: AN BUS %13
Observers: L15

H;n Wlﬁi :IOOP
Measuring point is (QQ a-C ( Cou{‘fefwhlch is .67 feet‘sur:ace

Distance to pumped well feet.ﬁ'ﬁw T sl
WHMrgeﬂtE"&"ﬁumm"? 1010 gpm (gallons per minute).
'é'"’bf"mm&-ﬂ? *land VNS 24 ’lhf_us
' Hee puwpg,é u;e_ll cl.gs:erua.hon >

pe
- Clock Elapsed time Depth to Drawdown ¢
T | T | staradisopped | Tand suriace | recovery | oo
{minutes) (feet) {feer) ~
'!//rs_/%? ors | B -209.!09 = \’?,.-r-_ on: _
01530 - 32 | .| 20720 7.1l r
106001 - To e 21600 (o‘til
cie3ol - 13! psp] 2523 6.4
oess] 184 193] 2573 Gty -
- Ir\l’?—ﬁn 3 2.0l 2.8 215, '?-9“ {,.Z{S‘T
161320 Zio 233 21532 6.3
191230 . L-"Q; 2.3 1/5.56 c,jn '
1517401 - 2 'L;G[ 2467 2:5.2% (.39
(01785 2. <fj’ 293 215.90 § / 3!
1%2s 32’1 2'3.95 c,.%(o
6'90@ 4lol4ol 2160 (.3
1 /02000 5o| €0 21607 L.9%
v
Time —]:)Qlau‘ :»'aw\ v ol - 1= Q"’”"f’ D"“':‘J - 79 sec

B-12 o




4w —

-

Continuation sheet

RN P 2

AQUIFER TEST FIELD DATA SHEET

X Pumped well Page 2 of 5-
___ Observation well No.
Clock ___élapsed time Depth to | Drawdown
Date time since pumping | water, below or Remarks
started /stopped| land surface recovery
tisited) (feet) ety
ufrsfes 6.0 21613 1.04
2.0 21607 T.0¥%
g0 2)6-21 7.2 1820t m
9.0 216-23 7.14
/0.0 206.25 =2 |{, .
- 12.0 21(y. 3O - 7.2}
4 214,32 723
/6.0 26 3¢ .27
1%.0 2th. 3% F.29
1035 20 0 200 .4 7.372 1010 o pro
22.0 2l 43 734 I
' 24,0 2. 45 36k
2¢.0 2647 EAS.
i loas 0.5 216.50 74
| 350 2:6.55 T+
| 4p.D 21(. S5 7.4(, 15 (0a pm
| 45.0 216-59 749
} 55.0 20 .63 7.54
I NS LoD 2663 F.54

B-13




Feeemed AQUIFER TEST FIELD DATA SHEET

Continuation sheet

X Pumped well “TAn & 2

Observation well No,

Date (Ei.lrgcek giiisggéigxfg waltjei?t%;fow ra;vgdow Remarks
stapted /stopped | land surface recovery
{minutds) (feet) g_{'%&ﬂj
u.;;sjg-; 70.0 21666 7.57
\ 80.0 244,66 £.S7
ll 110.6 216. 70 241
‘ 1215 120.0 216.7%0 F6!
| e | 20 3
l . 140D 2U6.72 - 2.63
| 1245 /560 216.3% 2.64
I [60.0 6.2 7.4
| 130.0 216,97 7 64
i 1315 150.0 226 .38 F.e4
| 190.0 24.25 1.4C
200.0 21674 7.¢5
1345 2183 26.75 2.6
226.0 214.76 F.67
1408 2%0.0 2:6. 7 T.(7
415 240 o 216. 36 %
| = 216.76 22 | Pporr
1 D acagbry - /\.Ie.zuL Moo o
.} l - LI

B-14




té,%g.b AQUIFER TEST FIELD DATA SHEET
Continuation sheet

_A Pumped well

‘Ta__f\ B oo

Page 4 of 5_
___ Observation well No.
- Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below or Remarks
startedJ e;z’pped J.au-xc(if :;r)-face
1 rsls3 'Eé /.58 | 208.4% <29
\ - 50 / 83 267.9% ¢.€1
! i 128 208, 25 %51
‘ f ( 3f§/!-58 2DE.ES 7.9
- ld;b}-'a | 201.00 b
S -,1;‘3‘2' /2.5'5 2097.75 ~F.0/
2ab (300 | 20770 704
1419 4.0 209.7/ 708
~ 6.0 209.60 F A6
1 1.6 269,54, 1.20
\ ®.0 20%.54 722
i S.0 209.52 724
| 1425 /00 05 .50 7 26
| 120 05.47 +.29
| 4.0 z’?.-i‘\ 7.32
i (.0 299.42 ¥ 34
3.0 204 4o 7 36
1 1424 20.0 206 .38 1.3%
| 2.0 269. 34 e

B-15




===

AQUIFER TEST FIELD DATA SHEET
Continuation sheet

pa—_g

la.~

It

_X Pumped well < Page C of 5

e

Cbservation well No.

Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below or Remarks
starte_gu_stopped land surface recover
{finutes] {feet) :(feet) ]
:*‘/ra['s? (4a s 30-0 209,33 7.43
380 209.31 F.45
40.0 269.29 747
1S05 50.0 209,25 FS]
. 76.0 209 .28 56
1535 ¥6.0 269.19 - %5¢
[ 540 950 | 20%9.9 .56
T ANDl TTEST
Tron e, 0.0 - <X L
C ol




EE2mE&D AQUIFER TEST FIELD DATA SHEET

Pumped well of 2-

——

Page |

ell NoprUISESASA"Y

X Observation well A .
——— W‘"#ﬂl

DRSS
Cbservers: ~13

Owner:

Location: O6Al 318 1361
Circotar Rote 7-~§—juc~d

e ———

Measuring point is ioo a-(: Qof:;nc: which is {69 feetgk%',:)surface.

Static water level ,...lgg H2. feet below land surface.
Distance to pumped well /ooo

feet, TAN®Z

Discharge rate of pumoed well ]O 1O gpm (gallons per minute),
- OSO..S '&14 c«wc\

O‘ose"'ucdlhow? FL @_ PJWP‘C W'—“.

=2,

Tan

=

Clock Elapsed time Depth to Drawdown .
Date time since pumping | water, below or Remarks
started /stopped | land surface recovery
{minutes): (feer) (feet) ik s
- !
ll!|g{%? (015 —- <, 210,02 —@— @gmp o
1030 |5 o 210,05 §.0>
D45 - 30 210,655 ¢ 035
110D AS 20 070 605
130 ) 210, o‘ss 0 068 -
i 1200 feley 201D O.0% -
1230 125 20. 1 o .09
360 165 200126 |  6.108
(320 195 21613 6.1
l
/400 225 210.14 .2
e - R |
(415 “adh S X PAVE] Pty !
N 4{r5 - 210 ./ & |'b,_mn OFE
430 .y 21p. 145 O .005

c-il




\%_2CHED AQUIFER TEST FIELD DATA SHEET
Continuation sheet

'Y

X Observation well No. OSC.»S a4

R

umped well Page Z of 2~

Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below or Remarks
started /stopped| land surface recovery
) {feet)
11/!%[??' /800 45 210 . 14 O, DI
/1530 15 2201 0 .04
1600 oS’ 2(0.09 0.0(

A“CLQ_F 160D |hes ouLu-— ~ [-D.Ub/l

7

o ;‘?.S'Ywa_-@‘k-u& \y c}wn “:;____aa_qm “""fL}.)‘P_ =

{ .
- A-n CE-QJ‘-L\ wu-Q_/c-oH C resSSU M. . 2T SO

\'1: la@[ﬁ‘- an o Qoh:(.-ed‘ QLN:U‘-{'

B-18




Pe==H=D AQUIFER TEST

FIELD DATA SEEET

Pumped well Page [/ of =
—,
—" Observation well No. 7AM 7/
Owner: DOE£ Location: 7 AN /3(03,". (/e
Observers: £ _Jensen
. i . ‘e ( . ot @ («Qu L3 \ Qﬂf‘
Measuring point is _/ Cow2lrs  which is 1.4 surface.
Static water level 20£.£O feet below land surface,
. '
Distance to pumped well £60 {eet,
Discharge rate of pumped well |©j©  gpm (gallons per minute).
Total number of observation wells 2 + Ju afzn o€ ‘
Clock Drawdown
Date time or Remarks
recovery
987 jcro
[} (X . P Pu e f:’lrpm 3 N
ft=10 @12 = & /.1-——"~" =
[ 1017 5.03
o 2o p.os — |
= .07  _
o 3o oo 48 0.08
= ] N =
| o295 2000 L &G .09 --*
1o g g 35:00 L5t I o.ff -
| Hataan Fasdyl - ™
Ek b ot Lo &L
[Hto 550 ET oS
(125 70150 s¢ o
1135 2o=> 5L o./64
1, /}_of o100 .58 o./%
i/
1225 /30 0@ £z9 .19




\%=PrEES AQUIFER TEST FIELD DATA SHEET

Continuation sheet

Pumped well

_«~ Observation well No. TAVF(

Page £ of 2

Clock ; Elapsed time Depth to Drawdown

Date time since pumping | water, below or Remarks
/9€7 AT e " | Y'Y
”.-{Q 1245 | 150200 206.57 .19

/35 /70: 02 .60 0.2

/325 19002 L6/ 0.2¢

/345 2/0 09 & 0.24

tqoo [ 22509 62 0.2 -

J~(5 | 24000 ¢l -

28| _/bioo 55| p.07
14 32| /300 55| 0,07
/435 - /Blo° %) 0.0%
JLdo 232 ' 521 0.09
jEES 2800 EZ) Do




Ve_2emeDd

AQUIFER TEST FIELD DATA SHEET
Continuation sheet

____ Pumped well Page = of =2
_‘/_’Observation well No, __ZZ_#M#/
Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below or Remarks
1987 stfrt\gd _/;sets?FPEd lanc(ifes::;face

//-h/'e /Y 48 3.1:00 log.5/

14 53 35 .00 5o o2

/4586 4l 0w L0 o./2

1508 5] oo 48 O. /%

518 - ¢l.es 47 2./

1528 71 00 A - o.l¢

1537 80.0° .45 6.7

1547 goloo 45 | e./7

B-21




USG5 CALCULATIONS

Well Depth

@PQ:«. b-)l— Q :.JQ-?" l\e%\

S a_,L.. -;._L«-.«-.K 4\,&[&%-&35

K<+ T -

"ﬁ-\ ey

TETE | 7)al $7

324 0 (ool
207-42 Sa,k (D‘—Louu S"J“Qtli.

U6 .55 God

3 Corye
- = 38.I¥ ch’/cl
K = b.6F &i]d
; [
K"\.T \334 Sw SVer s e \.cael "-'WWLQ— G-X— 4“‘"’2'
T = S96.7% -C‘!:lf.:[
k= § ¢t/ d
S,c., = .99 «.(/mw. ~ |
——““—""’1——‘ = 757 T:m\/(lo-(— S W

2.64 s.
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__X Pumped well

AQUIFER TEST FIELD DATA SHEET

Observation well No,

Owner:

Observers: L.

Distance to pumped well

Discharge rate of pumped well

(S‘.f,vv‘- [} '

LT F Page | of 4
’r ‘7"-"
Location; &' CRIRL AL Boue =)

2 Jaezen DLN E ‘Qacc”

———

Total number of observation wells

feet,

[

Taon

above

feet
ee below

surface,

f—q-nr'""ﬂ

Satl Airllx 324.0

_19.99  gpm (gallons per minute).

-L Lv airvs‘

=M vawT 2406 ’
2TOY 8%? qua‘;ﬁ I/ 20 mn T LYY 1P~ E:' w 2-‘3
=1 Clock anpSéu time ..Depth to . Drawdown - RE
Date time since pumping water, below or Remarks
' started /stopped | land surface recovery
ATt e (feet) Leéthy
#9157 }12150q; i 20742 5~ tomp OA
N i _ T '
—oizers |58 | es 20745 | - 0.03
. - | "t .
1121530 301 50 207.580 D.3%
L Tl e waim TR RN . e - - e -
1215485 | ATy ~Ns 202.09 b .55
. o4 ! -
oo ! g oo 20%.10 D.¢8
12161R] 126 | 133 | 20R4% 1.0}
121630| /i3 | 10| zeees 123
Ny, rs i !! —— - - & [y Rt ]
[ «loTig / .59 1.5 ——— 2 1.<7
(2171s "‘f;" 2.9 Zow 7Z .34
[ 20732 2:52 2.53 | 2o 80 1,33
12.1750]2:5¢ 2.¢3 | 208, 25 143
J2r824 | 3724 3.40 | zo%. 9/ 1,49
f21%4%5 S:ﬁté | .25 2oe. 3% 153

mbys o




AQUIFER TEST FIELD DATA SHEET
Continuation sheet

X  Pumped well T=77/

Observation well No.

—

Page Z of 4f

e

Clock Flapsed time Depth to Drawdown)
Date time since;rmping water, below or Remarks
stastedsetogped | land surface recove
fninuteshs o {feet) 'Hé'ext-e}%j
7/3b7 |12qas | 4% |4m |22 soo >
! 122010 5”""’ B | 222 o4 .LZ
I L 1&qal .
LA A A /¢l /7
r 7 T tad Qs G
| 2 2460 10! | 2.0 | 20%.63 [l
i . I
122600 /1.0 1o 209.02 1.6O
. Therteden Q
122330 2.3 | 2.50] 209.11 1-69 o
P IncrQesea
(2296D ad 4o | 209.2¢ %4
, L _ — 109+{ [za, 5 +ec
12.3600 154 5.0} 289.5% ZIs
; 220
12311S | 1fds | 16.25] zo%.59 2,17 e
.
(22325 15,25 11§42 202.4L5 2,173
123500 zojg 209.6 7 2.235
23600 21.0 209.68 2,26
| 3700 220 269, 69 2.2%
1> 2200 210 I8, 8? 223 ~20qem
124400 255 262 . 69 2 .27
124520 0.0 202, PN 2.3
. li2gse0) 40.0 203, 72 2.30
F | 3] 5060 0.0 207.773 2.3
| 13,2008 75.0 207 74 232
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_ > Pumped well

AQUIFER TEST FIELD DATA SHEET
Continuation sheet

Observation well No.

Page_;ofi

Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below or Remarks
started /stopped| land surface recovery
IRt hy (feet) (Teet)i
?/‘I/B? 134500 Jo0.0 20078 2.32
j (30000 105,60 201.76 2.34 )
| i B rf"'zvﬂi-:ww*w ol e
: I .Q. DUM'P .
J41520] 2 .23 20%.24 047,
| J4 (530 534> | .so 209 . pe 0:75?
.; r&1 540 ir‘f*{ fl o F 208 .50 0. LLr’
" Lasag| . x0 | a0g.o 115
" Vrreor] sl 1o 20¢-40 r:"i?
141617 5'1”7\‘\ 2% 20§.20 57
T 128 /i5 | 142 ocp = | L7
e 1634] i34l 156 | zeg.00 133
/4 17300 ;l‘;ool 2.0 | o7 .98 L ‘i’?
jd i) 22 ] 2.2L | 207F 7D é?
/A 1535] 2'85 | 2 5¥ | 203 .6 2;"!?
4 ';«q** ijs 3.05| Zod .52 "252‘; -
LY 3,'{3’45 .90 | 203 42 2137
r4(e 7 J.:;E/?f A.1% 203 .35 2 42
rarors| 5075 £.42] zo .20 9.4%
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AQUIFER TEST FIELD DATA SEEET
Continuation sheet

_* Pumped well TIT L Page 4 of 4
____ Observation well No.
Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below or Remarks
started /stopped| land surface {7 _recove
(imuteskw, | (feet) ALdy.
75/67 | 14o130| £i 6.S50| 2°7.2¢ 2.5]
| janan] 7EB | 22| 26y L2¢ 2.5%
142310 8= T ] 203 .23 2.54
. 1 i
| 142500 job> | (0.0 207 .27 2.546
' oA TS A . IC_aL ) !C_“ ~ ﬂQAgj‘J‘t7 71 /..
I X JUNI(A N | . Y S ] A
] 20016
| li4a500 zOA | 20.0| =zt 2.6(
‘ 367,74
/ {4 A000D 25‘-& 1 250 [2er= iy 2.62
: é) \ 20 0 207.4%
1445 32.0) 3O S 2.64
END TEST
] i {1
Conter 0.0 top £

! couoier.
\
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AQUIFER TEST FIELD DATA SHEET

Tizp. = ANE 3R

X, Pumped well TR

Page | of_4_
___ Observation well No. [
Owner: Location: Cireier E,‘)--—m‘} SR
oA BE (Pealbl
Observers: /L. {3cem , @\ Jencen
Measuring point is-—\‘—(:.fa ep (" ¢od.p(er which is .45 feetsurface.
Static water level (95 3% feet below land surface. Xrox Ko r & Wt Deple 30
Distance to pumped well feet.
Discharge rate of pumped well 13.6b  gom (gallons per minute),
s< S QL pRILp~ : Bt A1~ 1
'éortﬁl number of obg_ggvgaltion wells — .
TTARLT .
<tope "’ 95206 ’4755"'/?’5'“-“
‘ Clock Elapsed time | .. Depth to Drawdown - i~
Date time since pumping | water, below or Remarks
started /stopped | land surface recovery
| eommEale (feet) (feeths
1 4 ] - 2 Fay
- |oqssig .15 ( LS (6.0 - 0.2 - 10ga] 2062 c
A £ C oy ot S 9 TACAY V1Y
UJ\:‘*"JU --‘D“' |‘Q P v r 'l"‘(
T ssedie | id e ey | e -
) 095625 125 142 [ 1970 /.52
035309 Z.0 | 20 19750 [.32
095825 1!5 2421 BI85 2067
1
G 95810 24d 206 | 9% 48 2.67
EEYEEY Béi’ = 53 199. 10 332
NV A P Y. 2 1< 199 apn 2 19
UTS g4l S.43 - T It . - N - i
) i ’2, T
025920 A0 [433| 200 00 422 |29
1
075944 | 4.4 | 433] 20040 462
560 T
=2 | = 30|sa3]| 29000 5,22,




AQUIFER TEST FIELD DATA SHEET
Continuation sheet

_X Pumped well “Tan br:r —AN®E Y ) Page L of 4
___ Observation well No.
Date (Ei.l:gxcek sﬁii%sggrgg:g waﬂi?t%;?ow Dra:x"down Remarks
started /stopped land surface recovery
(W ffeet) {feetimn
2/13/83 [10081p éig L Ly | 20160 L.02
(ootzal ¢ 3«> L as6 202.60 G2
(oorso| (.59 5383 | 20232 (.52
1006215 ,51 Jl 7.25 202. 6B (.52
pozse] Tsd! 133 | 20300 Ex)
(00333 % "s&;?, 2. 5% 203 .50 132
166435 9.35] 1% 1 26400 .22
10 6548 19,44 | 10,66 204.50 €32
100105 (200 1208 | 20505 q.p3 | /01/ ZoEEes
1008201 13. 2d; 12 .27 208,55 iEEE
101000 | /5. O&/ 150 206.0% 10.2.5
IDI50 0 ao,oa;} 20.0 2671 D .32
102080 1503' 2€.0 20%. 5% .0
102503 | 30.0d 200 207 .62 (2./4
©2000 359&:1 I50 203. 17 12.29
Q3600 88 4(.00 20¢. 39 (2.61
104000 4800 20% .53 12.35 .
':_)c?o. /'31&'2:'.
105060 55.00 205 . 73 12.95
| DSTO0 60.0d 202. 57 t2.3 S
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Y. Pumped well

o

AQUIFER TEST FIELD DATA SHEET
Continuation sheet

s
FEWE S TN
AP TS0

TA~ TSP

Observation well No.

A

Page R of & _

Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below or Remarks
started [stopped| land surface recovery
{minutes) (feet) (feet)
?/lif_}%? (BSTOO _03_3 20840 1268 10 gt /32 rac
(1060 O 20%.43 12.65
[{0S06 208 43 (2.65 |
 TLIT B e Rt R TS D VI AT YRS i I SOt et
Wi o0 268.44 S Pw-.; Dl
[L1O1D 202.90 .46
L0 3S 207.2.0 .26
(10 O 204.6D |.%b
TRV 266 -0 2.4
P2y Zes.490 2.0
T 265.900 3.4
L 210 204,890 A 4f,
IR NS ;.25 '2.42 2 2% .62 4
L1245 245 12%5)  20%.20 5.2/
L (255 2. 55 12.9% 2873 09 £.4g
11120 w-.'zo;'.‘..‘zjs 202 59 5.9%6
' 40D 4.0 40 200720 G o
H 1 S00 o 120 20(.D9 7.46
TR é,z_{:ila.‘\l 200 .07 T 4L




AQUIFER TEST FIELD DATA SHEET
Continuation sheet

_\ Pumped well TTAM DisP, (ANP -2 _, Page 4 of 4
___'Observation well No.
Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below or Remarks
started /stopped| land surface recovery
{minutes) {feet) {feet)

+nfs7| 12000 0.0 19%.50 9.9¢

(1500 15D 147,50 1616

LHAO0D 20D 9726 1t.20

13000 26.0 194 33 .63

LAD0O 20.0 194.5% (.88

HASOD 250 t9¢.42 [2.04 ~

A0 shery 23
12130 4%.0 (95.9% 12.4%  |SOT prior ko
vooor oy
SND <7
-
COU N L: Ll O- Yo P dD\‘l
M Py
; L.,

L [allo DRI
]

B-
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hd Pumped well

AQUIFER TEST FIELD DATA SHEET

AMNP ® 6

QObservation well No,

Owner:

Observers:

Static water level 2064

SRIEN
L Beenm

Measuring point is lop of
]

Location: Circolar Rutre 1.8

1 . .
i ca)ngr which is

Page
o

I
L L -

s oad
LI i
above

feet
below

feet below land surface. Tron Herse

of

1

—

[N

1. PO |
10 sec

surface,

o

Discharge rate of pumped well AN.7} gpm (gallons per minute),
=4 g | L =¥ -} [
_{'I;atal né"fmfger oé ozsa?%-_vation wells ——
LM Se® T '
G333 <% p 7250‘1"‘/;30,,.,._ < 40.27
Clock Elapsed time " ....Depth to Drawdown - e
Date time since pumping | water, below Remarks
started /stopped | land surface \
— (mm (feet) TR —
: 20624 -S— Yowp o
Z/olet | looooo —5— Ve b OAS
-~ 0s020| .26 20¢ 28 | 00
' ’ N A0 TG 24 - A
i o OU=0 1%~ < \ SO
S s ke e’ "1 206.24 6.8
l: 00206 2.0 206 .24 0.0 .
| (003001 3.0 206 .24 9.0
Vo esmal 50 20¢.24 0.0
|
E '~ 1000 | 100 20¢ . 24 o0
! ‘N rnan zZae .0 05 .4 2.0
' 0D 4500 45.0 P R e
B=aiogl MRt 2. =~
! 1% 56 5.0 206 24 O .0
/ i2ls0g | '246.0 SEL. 2 & d



AQUIFER TEST FIELD DATA SHEET
Continuation sheet

_ﬁ Pumped well AN PEC Page _g of _2»_

Observation well No.

Clock Elapsed time Depth to Drawdown
Date time since pumping | water, below or Remarks
started /stopped| land surface recovery
{minutes) (feet) {feet)
1ol ! 36000 180 20(,.24 ¢.0
7 !:c[?? (3000 —& zag .24 - P,\,..#Q P
1
< N N e s T
)\]0 c[r-ﬁ.uu:l\oqf- I‘O.C&r-vjor‘
Caonr L-w— O~Cb “""4“.(.1:'\ t'w fdc-\‘:fﬂi"
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APPENDIX C

LOGAN’S METHOD FOR STEADY-STATE FLOW

C-1



The pumping test conducted in ANP-6 utilized a discharge rate of
40.27 gpm over 180 min. This was insufficient to cause any measurable
drawdown. To calculate an approximate transmissivity, conventional
solutions could not be used because no drawdown occurred in the borehole.
A steady-state approximation method was used but provides only a minimum
value for transmissivity. A minimum transmissivity of 3114 ftzlday
(88.2 mz/d) was calculated.

Logan’s method for a steady-state flow in confined aquifers (Kruseman
and De Rigger, 1976) represents an approximation of the Theim formula for
a confined aquifer and was used for the caicuiation of transmissivity.

The groundwater in the aquifer is assumed to be confined. The constant
rate of pumpage and the absence of drawdown justify a steady-state

PR U g,
LurnuIvion,.

2.30Q log rg../T
KD = ax v

2MS

where:
kD = transmissivity of the aquifer, mz/d
= well discharge, m3/d
re = radius of the pumped well, m
rmax = radius of influence (= radius of depression cone, m)

= maximum drawdown in the pumped well, m.

The ratio of ry,,/r, cannot be accurately determined without the
use of additional piezometers. However, although the variations in rp..
and r,, may be substantial, the variation in the logarithm of their ratic
is much smaller and can be approximated with an average value of 3.33.
Substituting this value into the above eguation yields:
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As was mentioned earlier, no drawdown was observed in the well, but
drawdown is needed to calculate transmissivity with this equation. A
drawdown of 0.1 meters was used. Using the same discharge as in the
pumping test (40.27 gpm [7.35 m3/d]) with this drawdown yields a minimum
value of 3114 ftz/day (88.2 mz/d). Transmissivity must be higher
because there was not drawdown. Based on a saturated thickness of 99.01
feet, the minimum K for well ANP-6 is 31.5 ft/day. These calculated
values are minimums and the actual T and k could be much higher than the
values presented here.
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RESULTS OF ORGANIC ANALYSES OF
THE TSF CLARIFIER PITS
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NOTES FOR ORGANICS RESULTS

indicates compound was analyzed for but not detected.

ndicataes an estimated value. This flag is used when

estlmatlng the‘concentratlon of tentatlvely identified
compounds or when compound is identified but the
concentration is less than the sample quantitation limit.

analyte found in the associated blank as well as in the
sample.

- identifies all compounds identified in an analysis at a

secondary dilution factor.

NOTES FOR INORGANICS RESULTS

indicates compound was analyzed for but not detected.

indicates the reported value is less than the Contract
Required Detection Limit (CRDL) but greater than the.

.
Instrument Detection Limit (IDL).

indicates a value estimated or not reported due to the.
presence of interference,

indicates value determined by Method of Standard Addition.

indicates matrix splke sample recovery is not within
control limits.

indicates duplicate analysis is not within control limits.

indicates that the correlation coefficient for Method of
Standard Addition is less than 0.995.

*
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YOLATILE ORGANICS
TSF CLARIFIER PIT 1

Anaiyte

= TRICHLOROE THANE

.2~ TETRACHLOROE THANE
= TR1CHLOROE THANE
ICHLORDE THANE

AU ABAE TUCUE

1
2
2
D
DICHLOROETHENE (TOTHL)
DICHLOROETHENE (TOTAL)
P
0

BUTANONE

o LBV A MCE
e T AP

4 -METHYL - 2- PENTANONE
ACETONE

ACETONE

BENZENE
BROMOD 1 CHLOROMET HANE
2ROMAFOaM
BROMOMETHANE

CARBON DISULFIDE
CARBON TETRACHLORIDE
CHLOROBENZENE
CHLOROETHANE
CHLOROFORM

CHLOROME THANE
CIS-1,3-DICHLOROPROPENE
D IBROMOCHLOROME THANE
ETHYLBENZENE
METHYLENE CHLORIDE
STYREME
TETRACHLOROETHENE
TOLUENE

TRANS~1,3-0 ICHLOROPROPENE
TRICHLOROE THENE
VINYL ACETATE

VINYL CHLORIDE
XYLENE (TOTAL)

Mean

Qual- Conc.
ifier {ppo)
6.5

U 5.0
u 5.0
U 5.0
U 5.0
6.0

V] 5.0
u 5.0
V] , 5.0
u 10.0
] 10,0
u 10.0
J 2.0
U} 10.0
v 5.0
u 5.0
u £.0
U 10.0
u 5.0
U 5.0
1] 5.0
u 10.0
u 5.0
V] 10.0
u 5.0
u 5.0
J 3.5
93.0

u 5.0
u 5.0
15.0

v 5.0
u - 5.0
U 10.0
u 10.0
42.0

-
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SEMIVOLATILE ORGANICS
TSF CLARIFIER PIT 1

Analvte

1,2,4- TRICHLOROBENZENE

1, 2-D1CHLOROBENZENE
1,3-0ICHLOROBENZENE
1,4-DICHLOROBENZENE
2,4,5- TRICHLOROPHENOL
2,4, 6- TRICHLOROPHENOL
2,4-DICHLOROPHENOL
2,4-DIMETHYLPHENOL
2,4-DINI TROPHENOL
2,4-DINITROTOLUENE
2,6-DINITROTOLUENE
2-CHLORONAPHT HALENE

2-CHLOROPHENOL
2-METHYLNAPHTHALENE
2-METHYLPHENOL
2-NITROANILINE
2-NITROPHENOL
3,3-DICHLOROBENZID INE
3-NITROANILINE
4,6-DINITRO-2-METHYLPHENOL
4-BROMOPHENYL - PHENYLETHER
4-CHLORO-3-METHYLPHENOL
4-CHLOROANIL INE
4-CHLOROPHENYL - PHENYLETHER
4-METHYLPHENOL
4-NITROANILINE
4~N1TROPHENOL
ACENAPHTHENE
ACENAPHTHYLENE

ANTHRACENE
BENZO(A)YANTHRACENE
SENZOCA)PYRENE
BENZO(B ) FLUORANTHENE
BENZOC(G,H, 1 JPERYLENE
BENZO(K) FLUORANTHENE
BENZOIC ACID

BENZYL ALCOHOL
BIS(2-CHLOROETHOXY )METHANE
BIS{2-CHLOROETHYL )ETHER
B1S(2-CHLOROISOPROPLY)ETHER
BIS(2-ETHYLMEXYL)PHTHALATE
BUTTLBENZTLPHTHALATE
CHRYSENE
O1-N-BUTYLPHTALATE
DI-N-OCTYLPHTHALATE
DIBENZ(A, H)ANTHRACENE
DIBENZOFURAN

Qual -
ifier

CCCC O CCCCCc oo Cc o C o CCcCCcCoCcCcCccCcCcCcCccCc oo CcCcccccCcccCcoccC
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Mean
Conc.
{pob)
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SEMIVOLATILE ORGANICS
TSF CLARIFIER PIT 1

Mean
Qual - Come,
Anaiyte ifier {ppo) Range
DIETHYLPHTHALATE " 75.0 10
DIMETHYLPHTHALATE U 75.0 10
FLUORANTHENE U 75.0 10
FLUORENE U 75.0 10
HEXACHLOROBENZERE " 75.0 18
MEXACHLOROBUTAD | ENE v 75.0 10
HEXACHLOROCYCLOPENTAD 1ENE u 75.0 10
HEXACHLOROETHANE u 5.0 10
INDENO( 1,2, 3+CD)PYRENE u 75.0 10
1 SOPHORONE u 7.0 10
N NI TROSG-D 1 -H-PROPYLANINE Y 5.0 18
N-NITROSODIPHENYLAMINE (1) J 21.0 é
NAPHTHALENE J 15.0 2
N1TROBENZENE u 75.0 10
PENTACHLOROPHENOL V] 400.0 0
PHENANTHRENE u 75.0 10
PRERGL " 7.0 10
PYRENE u 75.0 10

K-7

(2]
g\
ald

MNMOMNNNNMNNNMANRNOMND NN



TIC VOLATILES
TSF CLARIFIER PIT 1

Mean
Qual - Conc.
Analyte ifier (ppb) Minimum Max i mum Range Count
CYCLIC COMPOUND J 28 15 41 26 2
UNKNOWM J 33 33 33 0 1
UNSATURATED HYDROCARBON J 28 14 42 28 2



Analyte

4-¢1,3,3-TETRAMETHYLBUTYL)-PH
ALKYL SUBSTITUTED CYCLOPENTAN
BUTANE,2,2,3,3-TETRAMETRYL
CYCLONEXANE, 1-METHYL -3-PROPYL
DECANE, 2-METHYL
DECANE-2,3,7-TRIMETHYL
NONANE, 2-METHYL

OCTANE, 2-METHYL-

PHENOL ,4-(2,2,3,3-TETRAMETHYL
PHENOL , 4 -CHLORO« 2(PHENYLMETHY
UNDECANE,3,8-DIMETHYL
UNDECANE , &, 7-DIMETHYL

UNK SUBST NYDROCARBON

UNKNOWN

UNKNOWN CYCLOALKANE

UNKNOWN HYDROCARBON

Qual -
ifier

— e o by e e G e B B B e £ &

TIC SEMIVOLATILES
TSF CLARIFIER PIT 1

Mean
Cone.

{ppb)

160000
96000
97000

170000

230000

110000

600000

610000

130000

220000

150000

230000

110000

182000

115000

311400

K-9

Minimum

160000
96000
%7000

170000

230000

110000

600000

610000

130000

220000

150000

230000

110000
92000

110000
96000

Maximum

160000
96000
97000

170000

230000

110000

600000

410000

130000

220000

150000

230000

110000

340000

120000

840000

Range

coooonocooocooo

Count
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Analyte

_4,4-DDD
4,4-DDE
4,4-DD7
ALDRIN
ALPHA CHLORDANE
ALPHA-BHC
AROCLOR 1016
AROCLOR 1221
AROCLOR 1232
AROCLOR 1242
AROCLOR 1248

_ AROCLOR 1254
AROCLOR 1260
AROCLOR 1260
BETHA-BHC
DELTA-BHC
DIELDRIN
ENDOSULFAN |
ENDOSULFAN 11
ENDOSULFAN SULFATE
ENDRIN
ENORIN KETONE
GAMMA CHLORDANE
GAMMA - BHC
HEPTACHLOR

HEPTRACHLOR EPOXIDE

METHOXYCHLOR
TONAPHENE

PESTICIDE ORGANICS
TSF CLARIFIER PIT 1

Mean
Conc.
(ppb)

1700
1700
1700
840
8400
840
8400
8400
8400
8400
8400
17000
10000
14000
840
840
1700
840
1700
1700
1700
1700
8400
840
840
840
8400
17000

Qual -
ifier
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VOLATILE ORGANICS
TSF CLARIFIER PIT 3

Analyte

1-TRICHLOROETHANE

2,2-TETRACHLOROE THANE
2- TRICHLOROE THANE

DICHLORCETHANE
0
D
0

r
*
L]
-DICHLORDE THENE
-DICHLORDETHENE (TOTAL)
-DICHLOROETHANE
2-D1CHLOROPROPANE
2-BUTANONE
2- HEXANONE
4-METHYL-2-PEN
ACETONE
BENZENE
BROMOD 1 CHLOROME THANE
BROMOFORM

BROMOMET HANE

MAmmALI RIS TR

CARBON DISULFIDE
CARBON TETRACHLORIDE
CHLOROBENZENE
CHLOROETHANE
CHLOROFORM
CHLOROMETMANE
Ci5-1,3-DICHALOROPROPERE
D1BROMOCHLOROMET HANE
ETHYLBENZENE
METHYLENE CHLORIDE
STYRENE
TETRACHL.OROETHENE

T LIEUE
LA =

TRANS-1,3-D1CHLOROPROPENE
TRICHLOROETHENE

VINYL ACETATE

VINYL CHLORIDE

KYLENE (TOTAL)

1.1
11
1.1
1.1
i, i
1,1
1,2
1

’
1
Fl
r
]
’
’
r

Mean
Qual- Conc.
ifier {ppb)

-
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- TRICHLOROBENZENE
-DICHLOROBENZENE
1CHLOROBENZENE
ICHLOROBENZENE

- TR1CHLOROPHENOL
- TRICKLOROPHENOL
ICHLOROPHENOL
IMETHYLPHENOL
+4~DINITROPHENOL

,4-DINITROTOLUENE
DINITROTOLUENE

4
’
¢
’

1,244
1,2-D
1,3-D
1,4-D
2,4,5
2,4,6
2,4-D
2,4-D
2,4

2,4

2,6

2

- CHLORONAPHTHALENE
2- CHLOROPHENOL
2-METHYLNAPHTHALENE
2-METHYLPHENOL
2-NITROANILINE
2-NITROPHENOL
3,3-DICHLOROBENZ 1D INE
3-NITROANILINE
4,6-DINITRO-2-METHYLPHE
4-BROMOPHENYL - PHENTLETH
4-CHLORD-3-METHYLPHENOL
4-CHLOROANIL INE
4-CHLOROPHENYL - PHENYLET
4-METHYLPHENOL
4-NITROANILINE
4-NITROPHENOL
ACEMAPHTHENE
ACENAPHTHYLENE
ANTHRACENE

BENZO(A JANTHRACENE
BENZOCA)PYRENE
BENZO(B ) FLUDRANTHENE
BENZO(G,H, 1 YPERYLENE
BENZO(K ) FLUGRANTHENE
BENZOIC ACID

BENZYL ALCOHOL

BIS(2-CHLOROETHOXY YMETHANE

BIS(2-CHLOROETHYLYETHER
BIS(2-CHLOROISOPROPLY )E
BIS(2-ETHYLHEXYL}PHTHAL
BUTYLBENZYLPHTHALATE
CHRYSENE
DI-N-BUTYLPHTALATE

DI -N-BUTYLPHTALATE
D1-N-OCTYLPHTHALATE
OIBENZ(A, H)ANTHRACENE

SEMIVOLATILE ORGANICS
TSF CLARIFIER PIT 3
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SEMIVOLATILE ORGANICS
TSF CLARIFIER PIT 3

A oot
ALY

OIBENZOFURAN
OIETHYLPHTHALATE
DIMETHYLPHTHALATE
FLUORANTHENE

FLUCRENE
HEXACHLOROBENZENE
HEXACHLOROBUTAD 1ENE
HEXACHLOROCYCLOPENTADIENE
HEXACHLOROETHANE
INDENO(1,2,3-CDIPYRENE

1 enBUABAME
5 MWW

N-NI1TROSO-D1-N-PROPYLAMINE
N-NITROSOOIPHENYLAMINE (1)
NAPHTHALENE

NITROBENZENE
PENTACHLOROPHENOL

DUCAMALUTUDEME
¥ I e § P

PHENOL
PYRENE

CCCCcCoCCceCiZCcCCCCCcCi_cCcco o
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TIC SEMIVOLATILES
TSF CLARIFIER PIT 3

Mean
Qual - Conc.
Analyte ifier {ppb) Minimum Maximm Range Count
1-HENENE,3,5,5-TRIMETHYL J 86000.00 88000 88000 0 1
BUTANE,2,2,3,3-TETRAMETHYL J 1$0000,00 190000 190000 0 1
DECANE ,2,4,6-TRIMETHYL J 300000.00 300000 300000 ) 1
DECANE,2,6,7-TRIMETHYL J 110000.00 110000 110600 0 1
HEXANE 2. 2 5-TRIMETHYL J 110000. 00 110000 110000 0 1
NOMANE, 2-METHYL - J 110000.00 110000 110000 0 1
NONANE , 2-MRTRYL J 230000.00 230000 230000 0 1
OCTANE,2,4,6-TRIMETHYL J 180000,00 180000 180000 0 1
PENTANE,2,2,3,4-TETRAMETHYL J 285000.00 180000 390000 210000 2
PHENOL ,4-(1,1,3,3-TETRAMETHYL J 530000.00 530000 $30000 0 1
PHENOL ,4-(2,2,5,3-TETRAMETHYL J 700000.00 700000 700000 0 1
PHENOL , 4-(4,3,3-TETRAMETHYLBU J 530000.00 530000 530000 0 1
PHENOL , 4 -CHLORO- 2~ (PHENYLMETH J 103500.00 37000 170000 133000 2
PROPANOIC ACID,2-METHYL,-1-(1 d 45000.00 45000 45000 0 1
UNK SUBSTITUTED DECANE J $1000.00 $1000 51000 0 1
UNK SUBSTITUTED HYDROCARBON Jd 120000.00 120000 120000 0 1
UNKNOWN J 132846.15 36000 700000 564000 13
UNKNOWN HYDROCARBON J 168166.67 61000 380000 319000 6
UNKNOWN SUBST HYDROCARBONM d 240000.00 240000 240000 0 1
(1,1-BIPHENYL]) -2-01 J 170000.00 170000 170000 0 1
[1,1-BIPHENYL] -2-O0L 4 50000.00 50000 50000 0 1
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TIC VOLATILES
TSF CLARIFIER PIT 3

Mean
Qual- Conc.
Anaiyte ifier (ppb) Ainimm Max imum Range
UNSATURATED KYDROCARBON 1.5 .} 15 7
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Ad BUs MUl AARAME
AL A Wik WiuARL

ALPHA CHLORDANE
ALPHA-BHC
AROCLOR 1016
AROCLOR 1221

AROCLOR 1232
AROCLOR 1242

AROCLOR 1248
AROCLOR 1254
AROCLOR 1260
BETHA-BHC
DELTA-BHC
DIELDRAIN
ENDOSULFAN |
ENDOSULFAN 11
ENDOSULFAN SULFATE
ENDRIN

ENDRIN KETONE
GAMMA CHLORDANE
GAMMA -BHC
HEPTACHLOR
HEPTRACHLOR EPOXIDE
METHOXYCHLOR
TOXAPHENE

PESTICIDE ORGANICS
TSF CLARIFIER PIT 3

o —
SN

s CcCcCcCcCciDcccccoccoc ccocCc g
-
o™

cCCoCCcCCCcocococococcoci

Mean

‘Conc.

£ it
i

1270
1270

1270
&30

aLnn

ww

4200

630
6300
6300

6300
£300
6300
12700
12700
630
630
1270
630
1270
1270
1270
1270
6300
630
630
630
6300
12700
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RESULTS OF THE INORGANIC ANALYSES
OF THE TSF CLARIFIER PITS
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NOTES FOR ORGANICS RESULTS

U -- indicates compound was analyzed for but not detected.

in - an astimataed value Thie flaa ie nead whan
es

B LT R T X gy - T S WWAAwra

<
|
i

dicates an e

timating the toncentration of tentatively identified
compounds or when compound is identified but the
concentration is less than the sample gquantitation limit.

B -- analyte found in the associated blank as well as in the
sample.

D -- identifies all compounds identified in an analysis at a

ceacondary diluntion factnr.

A s A e ¥ L S R S L IR - L L A

NOTES FOR INORGANICS RESULTS

U -- indicates compound was analyzed for but not detected.

B -- indicates the reported value is less than the Contract
Required Detection Limit (CRDL) but greater than the

g - :_ 2 e 4 % 40 Y

Instrument Detection Limit (IDL).

E -- indicates a value estimated or not reported due to the
presence of interference.

S =-- indicates value determined by Method of Standard Addition.

N -- indicates matrix spike sample recovery is not within
control limits.

* -- indicates duplicate analysis is not within control limits.

+ == indicates that the correlation coefficient for Method of
Standard Addition is less than 0.995.
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[NORGANICS
TSF CLARIFIER PIT 1

Mean
Quai - Conc.
Analyte ifiar {ppm) Range Count
Antimony v 37.80 1.6 2
Arsenic 42.55 69.3 2
Barium 225.50 79.0 2
Beryilium u 0.80 0.2 2
Caskmiim 14_40 2.4 2
Chromium 279.50 45.0 2
Cobalt 53.80 2.2 2
Copper 641.00 358.0 2
Cyanide 1] 4,70 1.2 2
Lead 537.50 '611.0 2
Marcury 18.45 9.1 2
Nickel 185.55 202.9 2
selenium u 8.9 0.3 2
Silver 12.80 0.0 1
Silver v 3.70 0.0 1
Thatktium u 0.95 0 2
Tin u 3940.00 1120.0 2
vanadium 86.40 4.8 2
Z2ine 1315.00 330.0 2
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Barium

Barmsl | iim
i AR MR-

Cadmnium
Cadmium
Chromium
Cobalt
Cobalt
Commar
Copper
Cyanide
Lead
Mercury
Nickel
Selenium
Silver
Thaltiun
Tin
Vanadium
Vanadium
Zinc

TSF CLARIFIER PIT 3

Qual -

I 1
TG

u

[ 4=

cwm

o

cmCCcci

INORGANICS

Mean
Cone.

7 s
[§ =)

53.40
29.67
191.00
59.40

1 Nt
LS

410
2.00
13.57
10.00
9.65
8.60
8.07
61.63
47.47
11.97
9.7
4.13
1.33
4980.00
17.50
5.40
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QC RESULTS OF THE TSF CLARIFIER PITS
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FIELD QUALITY CONTROL SAMPLE EVALUATION DESCRIPTION

TRIP BLANKS

Trip blanks are flagged "Possibie Contamination" if concentration is above
the Instrument Detection timit (IDL) and is not qualified with a "J’ (see
explanation of qualifiers). Otherwise, the samples are flagged "No
Contamination”.

EQUIPMENT BLANKS

tquipment bianks are flagged "Possibie Contamination” if concentration is
above the IDL and is not qualified with a 'J’ (see explanation of
qualifiers). Otherwise, the samples are flagged "No Contamination".

SPLITS

Spiits are flagged as out of control if the relative percent di
(RPD) or absolute difference, as appropriate, does not lie within EPA
empirically derived limits. [f the splits are within these limits, they

L‘ ______
trrereiive

are flagged as in control. [f no limits are available, the splits are
flagged as such. If the splits are below detection, then the RPD is not
calculated.

The EPA limits for organics used are those presented on the Contract

Laboratory Program (CLP) forms and in the CLP Statement of Work (SOW) for
matrix spike duplicates. In the case where one of the splits is greater

than the IDL and the other less than the IDL, the RPD reported is a
minimum value.

For inorganics, the comparison of split data to EPA limits is:
1}  RPD compared to 20% when both splits are greater than five times
the Contract Required Detection Limit (CRDL) or

- K-22



2) absolute difference compared to CRDL for case where
a). both splits are between the CROL and five times the CRDL
or
b). one split is between the CROL and five times the CROL
and the other is greater than five times the CRDL.
In cases where one or both of the splits is less than either the CRDL or
the IDL, the sample is §lagged "Concentration < CROL". When the CRDL is
not available, the sampie is flagged as such. Calculation of these limits
is described in the SOW (Exhibit E).

In addition to the above flags, cases where the IDL is greater than the
CROL is also flagged. Under typical conditions, this is a noncompliant
item and is included in the validation effort. It was included here for
the sake of completeness.

SPIKES

Percent recovery of analytes added to spiked samples is calculated.
Because of the use of standards in spike preparation, comparison to EPA
limits is not appropriate and manual examination of the recoveries is
made.

’

Spikes are flagged "Possible Contamination” if concentration of analytes
not added to the sample is above the IDL and is not qualified with a 'J’
(see explanation of qualifiers). Otherwise, these sample/analyte
combinations are flagged "No Contamination".
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NOTES FOR ORGANICS RESULTS

indicates compound was analyzed for but not detected.

e dim e s e Rl TR e =TERA

estimating the concentration of tentatively identified
compounds or when compound is identified but the
concentration is less than the sample quantitation limit.

analyte found in the associated blank as well as in the
sample.

identifies all compounds identified in an analysis at a
secondary dilution factor.

NOTES FOR INORGANICS RESULTS

indicates compound was analyzed for but not detected.

indicates the reported value is less than the Contract
Required Detection Limit (CRDL) but greater than the

"y
Instrument Detection Limit (IDL).

indicates a value estimated or not reported due to the
presence of interference.

indicates value determined by Method of Standard Addition.

indicates matrix spike sample recovery is not within
control limits.

indicates duplicate analysis is not within contrel limits.

indicates that the correlation coefficient for Method of
Standard Addition is less than 0.995.
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EQUIPMENT BLANK EVALUATICN
INCRGANTICS
TSF CLARIFIER PITS

conc. Cuat-

Analyte Sampie [D (ppb) ifier Comment

Ant i mory TSF1187008 84.5 UEN No Contamination
Arsenic- TSF118700€ 5.6 UwN* No Contamination
Barium TSF118700¢ 24.0 U*E No Contamination
Beryiiium TSF118700€ 2.1 u No Contamination
Cadmium TSF118700E 2.4 U*E No Contamination
Chromium TSF118700e 7.1 U*E No Contamination
Cobalt TSF118700E 17.0 U No Contamination
Copper TSF118700E 13.0 U*E No Contamination
Cysnide TSF118700E 5.0 u No Contamination
Lead TSF118700E 7.0 b : Possible Contamination
Mercury TSF118700E 0.2 U No Contamination
Nickel TSF118700€ 24.0 UE No Contamination
Selenium TSF11B700E 20,5 uN No Contamination
Silver TSF118700E 8.3 U No Contsmination
Thallium TSF118700€E 2.2 UN No Contamination
Tin TSF118700E 10000.0 U No Contsmination
vanadium TSF118700€ 11.0 LE No Contsmination
Zinc TSF118T00E 7.8 UE No Contamination
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1-TRICHLORGETHANE
2,2-TETRACHLOROE THANE
2-TRICHLOROETHANE
DICHILORCETHANE
0
D

1,
1,
1 L
1,
1,
1,
1,2-DICHLOROE FHANE
1,2-D1CHLCROPROPANE
2-BUTANONE

2+-HEXANONE

L-METHYL -2-PENTANONE
ACETONE

BEMZENE

BROMOD | CHLOROME THANE
SROMOFORM

BROMOME THANE

CARBON DISULFIDE

CARBON TETRACHLORIDE
CHRLOROBERZENE

CHLOROE THANE

CHLOROFORM
CHLOROMETHANE
CIS-1,3-DICHLOROPROPENE
D [ BROMOCHLOROME THANE

ETYUWI BELTEUD
EIAlLDLRALAG

METHYLERE CHLORIDE
STYRENE

TETRACHLOROETHENE

TOLUENE
TRANS-1,3-DICHLOROPROPENE

TRICHLOROETHENE
VINYL ACETATE
VINYL CHLORIDE

XYLENE (TOTAL)

EQUIPMENT BLANK EVALUATION
ORGANICS

TSF CLARIFIER PITS

Sample 1D

TSF118700EE
TSFY18700CEE
TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE
TSF11§TO0EE
TSF1TB700EE
TSF118700EE
TSF118700EE
TSFI18700EE
TSF118700EE

rocddaTAnEe
197 11QFWUEER

15F118700EE
TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE

TCEVIRATANEE
1ar Tigéivune

TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE

TSF118700EE
TSF118700EE
TSF118700EE
15F118700EE

TSF118700EE

Conc,
(ppb)
380
20
20
20
20
110
20
20
30
30
30
30
20
e0
0
30
20
20

100

W

30
34
30
20
20
Té

280
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CCt © ccCccococaoocococcoea

Qual-
ifier

coccCccCc

cec cccc

Conment

Possibie Contamination
No Contamination
No Contamination
No Contamination
No Contamination
Possibie Contamination
#o Contamination
No Contamination
No Contamination
No Contamination
No Contamination
No Contamination

Mo o nsd st { s
NG LONTSMI e Y

No Contamination
No Contamination
No Contamination
No Contsmination
No Contamination
Possible Contamination
No Contamination
Possible Contamination
No Contamination
No Contamination
No Contamination
Possible Contamination
Possible Contamination
No Contamination
Ko Contamination
No Contamination
No Contamination
Possible Contamination
Ko Contamination
No Contamination
No Contamination



Analyte

Antimony
Antimony
Arsenic
Arsenic
Barium
Barium
Beryllium
Beryllium
Cacmium
Cadmium
Chromium
Chromium
Cobalt
Cobalt
Copper
Copper
Cyanide
Cyanide
Lead
Lead
Mercury
Mercury
Nickel
Nicket
Selenium
Selenium
Silver
Siiver
Thallium
Thallium
Tin

Tin
vanadium
vanadium
2ine
2inc

Sample 1D

TSF1187011
TSF1187012
TSF1187011
TSF1187012
TSF1187011
TSF1187012
TSF1187011
TSF1187012
TSF1187011
TSF1187012
TSF1187011
TSF1187012
TSF1187011
TSF1187012
151187011
TSF1187012
TSF1187011
TSF1187012
TSF1187011
TSF1187012
TSF1187011
15F1187012
TSF1187011
TSF1187012
TSF1187011
TSF1187012
TSF1187011
TSF1187012
TSF1187014
TSF1187012
TSF1187011
TSF1187012
TSF1187011
TSF1187012
TSF1187011
TSF1187012

Conc.
(pob)

38500
37000
77200
7900
265000
186000
900
700
17600
15200
302000
257000
54900
52700
820000
462000
3300
4100
232000
843000
23000
13900
287000
84100
9100
aaoo
3700
12800
1000
900
4500000
3380000
88700
84100
1480000
1150000

FIELD SPLIT EVALUATION
INORGANICS
TSF CLARIFIER PIT 1

Relative
Qual- Percent
ifier Difference
UEN .
UEN .
+N* 163
+N* 163
bl 35
e 315
u »
u .
*E 15
*E 15
*E 16
T 16
4
4
*E 56
*E 56
U ' .
U .
> 114
+* 114
49
49
E 109
E 109
UN .
UN
u .
110
UWN .
UWN
u
U .
E 5
E 5
N*E 25
N*E 25
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Q000
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Comment

IDL > CRDL -- Moncompliance

IDL > CRDL -- Nencompliance

RPD > 20X -- Out of Control

RPD > 20% -- Out of Control

RPD > 20% -- Out of Control

RPD » 20X -- out of Control

IOL > CROL -- Noncompliance

IDL > CRDL -- Woncompliance

RPD < 20% -- In Control

RPD < 20% -- In Control
~RPD < 20% -- In Control

RPD < 20% -- In Control

RPD < 20X -- In Control

RPD < 20X -- In Control

RPD > 20% -- Out of Control

RPD > 20% -- Out of Control
CRDL not available
CRDL not available
RPD > 20% -- Out of Control

RPO
RPD
RPO
RPD
RPD
oL
{1}
DL
RPD
oL
1] 8

VY ¥V VYV VY vV VYV

20% -- Out of Control
20% -- out of Control
20% -- Out of Control
20X -- Out of Control
20X -- Out of Control
CRDL -- Noncompiiance
CRDL -- Noncompliance
CRDL -- Noncompliance
20% -- Out of Control
CRDL -- Noncompliance
CRDL -- Noncompliance

CRDL not available

CRDL not available

RPD < 20% -- In Control

RPD < 20% -- In Control

RPD > 20X -- Out of Control
RPD > Z0X -- Out of Controi




FIELD SPLIT EVALUATION
ORGANICS
TSF CLARIFIER PIT 1

Relative

Conc. Qual - Percent RPD
Analyte Sample ID {ppb) ifier Difference Limit Comment
1,1, 1-TRICHLORDE THANE TSF11870118 S 46 . RPD > Limit -- Out of Control
1,1,1-TRICHLOROETHANE TSF11870128 3 46 . RPD > Limit -- Qut of Control
1,1,2,2-TETRACHLOROE THANE TSF11870118 5 u ' N RPD Limit Not Available
1,1,2,2-TETRACHLOROE TRANE TSF11870128 5 U B . RPD Limit Not Available
1,1,2-TRICHLOROETHANE TSF11870118 5 u . N RPD Limit Not Available
i1,1,2-TRICHLOROETHANE TSF1187072B & U . . RPD Limit Not Avaiiabie
1, 1-DICHLOROETHANE TSF11870118 5 u . . RPD Limit Not Available
1,1-DICHLOROETHANE TSF11870128 5 U . . RPD Limit Mot Available
1,1-DICHLOROETHENE TSF11870118 5 u . 22 RPD Not Calculeble
1, 1-DICHLOROETHENE TSF11870128 5 u . 22 RPD Not Calculable
1,1-DICHLORCETHENE (TOTAL) TSF11870118 5 u . N RPD Limit Not Available
3,1-DICHLORGETHEME (TOTAL) TSFi1870Z8 é 18 RPD 7 iLimit -~ Out of Centrol
1,2-DICHLORQE YHANE T5F11870118 5 U . RPD Limit Not Available
1,2-DICHLOROETHANE TSF11870128 5 U . . RPD Limit Not Available
1,2-DICHLOROPROPANE TSF11870118 5 U . . RPD Limit Not Avaiiable
1,2-DICHLOROPROPANE ' TSF11870128 5 u . . RPD Limit Not Available
2-BUTANONE TSF11870118 10 u . . RPD Limit Not Available
- BUTARDRE 78711870728 10 U . - RPC Limit Rot Available
2 - HEXANONE TSF11870118 10 U . . RPD Limit Not Available
2-HEXANONE TSF11870128 10 u . RPD Limit Not Available
4-METHYL -2-PENTANONE TSF11870118 10 u . . RPD Limit Not Available
4-METHYL -2-PENTANONE TSF11870128 10 u . . RPD Limit Not Available
ACETONE TSF11870118 10 U RPD Limit Not Available
ACETORE TSF11870128 2 J . . 8ed Limit Not Availsble
BENZENE TSF11870118 5 U . 21 RPD Not Calculable
BENZENE TSF11870128 5 u . 21 RPD Kot Caicuiable
BROMOOD I CHLOROME THANE TSF11870118 5 u . . RPD Limit Not Available
BROMOOD | CHLOROME THANE 1SF11870128 5 u . . RPD Limit Not Available
BROMOFORM TSF11870118 $ U . . RPD Limit Mot Available
BEOMOFOOM TSF11870128 s u . . BEO Limit Mot Available
BROMOME THANE TSF11870118 10 U . . RPD Limit Not Available
BROMOME THANE TSF11870128 10 u . . RPD Limit Not Avaitable
CARBON DISULFIDE TSF11870118 5 U . . RPD Limit Not Available
CARBON DISULFIDE TSF11870128 5 V] . ' RPD Limit Not Available
CARBON TETRACHLORIDE TSF11870118 5 U . . RPD Limit Not Available
CARABOM TETRACHLORIDE TSF11870128 5 L N - RPD Limit Mot Available
CHLOROBENZENE TSF11870118 5 U . 21 RPD Not Calculable
CHLOROBEMZENE T$F11870128 5 v . 21 RPD Mot Calculable
CHLOROETHANE TSF11870118 10 u . . RPD Limit Kot Available
CHLORQOE THANE TSF11870128 10 u . . RPD Limit Not Available
CHLOROFORM TSF11870118 5 U . . RPQ Limit Not Available
CHLOROFORM TSF11870128 b u . . ®PD Limit Not Available
CHLOROME THANE TSF11870118 10 y . RPD Limit Not Available
CHLOROME THANE TSF11870128 10 u . . RFD Limit Not Available
£1%-1,3-DICHLOROPROPENE TSF11870118 5 U . . RPD Limit Not Available
£15-1,3-DICHLOROPROPENE TSF11870128 S V] . N RPD Limit Not Available
' 1BROMOCHLOROME THANE TSF11870118 5 U . . RPD Limit Not Available



Yoy S
ArNasyLe

D 1BROMOCHLOROME THANE
ETHYLBENZENE
ETHYLBENZENE
METHYLENE CHLORIDE

METHYLENE CHLORIDE
STYRENE
STYRENE
TETRACHLOROE THENE
TETRACHLOROE THENE

TOLUENE
TOLUENE
TRANS-1,3+01CHLOROPROPENE
TRANS- 1,3-01CHLOROPROPENE
TR1CHLOROET HENE
TRICHLOROETHENE

VINYL ACETATE

VINYL ACETATE

VINYL CHLORIDE

VINYL CHLORIOE

XYLENE {TOTAL)

XYLENE (TOTAL)

Cammla 1h
e Y

TSF11870128
TSF11870118
TSF11870128
TSF11870118
TSF1187012R
TSF11870118
TSF11870128
TSF11870118
TSF11870128
TSF11870118
1SF11870)28
TSF11870118
TSF11870128
TSF11870118
T$F11870128
TSF11870118
TSF11870128
TSF1187011B
TSF11870128
TSF11870118
TSF11870128

Cone, Qual-

FIELD SPLIT EVALUATION
ORGANICS
TSF CLARIFIER PIT 1

Relative
Percent

ifiar Niffarence
s u .
3 d
4 J .
B& 15
00 15
5 U .
5 ] .
5 U .
5 U .
1 53
19 53
5 1] .
5 U .
$ u .
S U .
10 U .
10 U .
10 v .
10 1] .
7 24
&7 24
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RPD

Limie

21
21

24
24

Comment

RPD
RPD
RPD
RPD
RPD
RPD
RPD
RPD
RPD
RPD
RPD
RPO
RPD
RPD
RPD
RPD
RPO
RPD
RPD
RPD
RPD

Limit Not Available
Limit Not Available
Limit Not Available

> Limit «- Out of Control
> Limit -- Out of Control
Limit Kot Available
Limit Not Available

Limit Mot Available
Limit Not Available

> Limit -- Out of Control
» Limit -- Out of Control
Limit Not Availabie
Limit Not Available

Not Calculable

Not Calculable

Limit Not Available
Limit Mot Available
Limit Not Available
Limit Not Available

> Limit -- Out of Control
> Limit -- Out of Control




Analyte

Ant i mony
Ant imony
Arsenic
Arsenic
Barium
Bar juw
Beryllium
Beryllium
Cadmium
Cadmium
Chromium
Cheromiom
Cobalt
Cobalt
Copper
Copper
Cyanide
Cyanids
Lead
Lead
Mercury
Mercury
Nickel
MNicksl
Selenium
Selenium
Sitver
Silver
Thallium
Thallium
Tin

Tin ]
Vanadium
Vanadium
2inc
2ine

Sample 1D

T$F1187030
TSF1187031
TSF1187030
TSF1187031
T5F1187030

THELA0TATA
I1IrHIGTIVSY

TSF 1187030
TSF 1187031
TSF1187030
TSF1187031
T5F1187030
T8F 1187031
TSF1187030
TSF113703
TSF1187030
TSF118703t
TSF1187030
TSF1187031
TSF1187030
TSF1187031
TSF1187030
TSF1187031
TSF1187030
TSF1187031
TSF1187030
TSF1187031
TSF1187030
TSF1187031
1SF 1187030
TSF1187031
TSF1187030
TSF1187031
T5F1187030
T$F 1187031
TSF1187030
T5F1187031

Conc.
(ppb)

52000
44700
43600
14500
75800

2FAAA
S

1000

800
2000
1800
8400

ELAN

-

3400
10000
17800

8500

8000
£200

68500
62000
48700
34300

11900
R&D0

12300
800
4100
3000
1300
1100
4960000
3580000
5400
4300
430000
264000

FIELD SPLIT EVALUATION
INORGANICS
TSF CLARIFIER PIT 3

Relative
Qual - Percent
ifier Difference
UEN .
UEN .
N* 100
N* 100
B*E 55
3% 55
u
7] .
B*E m
*E 1R
*E 43
*E 43
u .
8 17
b 70
B*E 70
U
U .
S* 10
+* 10
35
35
UE .
UE .
U+N .
UWN .
1] .
1] .
U
LN -
u .
U .
UE .
BE 23
N*E 48
R*E 43
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Comment

1I0L > CROL -- Noncompliance
1Dl > CRDL -- Noncompliance
RPO > 20% -- Out of Control
RPD > 20X -- Cut of Control
RPD > 20X -- Out of Control
RPD > 20% -- Gutl of Controt
IDL > CRDL -- Noncompliance
IDL > CROL -- Noncamplisnce
RPD < 20X -- In Control

RPD < 20X -- In Control

RPD > 20% -- Out of Contrel
are > 20% -- out of Control
IDL > CRDL -- Noncomplisnce

RPD < 20X -- In Control
RPD > 20% -- Out of Control
RPD > 20% -- Out of Control
CRDL not avasilable

ronl sk availakla
WP MW YA Y LW e

RPD < 20X -- in Control
RPD < 20X -- In Control
RPD > 20% ~-- Out of Control
RPD » 20X -- Out of Control
10L > CROL -- Noncompliance

ni renl -. Mancomnl isncs

swm - Lfposte oL E L=

>
>
IDL » CROL -~ Noncompliance
IDL > CRDL -- Noncompliance
IDL » CRDL -- Noncompliance
I0L > CRDL -- Noncompl iance
10t > CRDL -- Nomcompliance
oL »
CROL not available

CROL not availsble

IDL > CRDL -- Nencompliance
RPD > 20X -- Qut of Control
RPD > 20X -- Out of Control
RPD > 20% -- Out of Control




FIELD SPLIT EVALUATION
ORGANICS
TSF CLARIFIER PIT 3

Relative
Conc. Qual- Percent RPD

Analyte Sample D {ppb) ifier bifference Limit Comment

1,1, 1-TRICHLOROETHANE ISF11870308 5 U . . RPD Limit Not Available
1,1, 1-TRICHLOROE THANE TSF11870318 5 U . . RPD Limit Not Avaitabte
1,1,2,2-TETRACHLORCETHANE TSF11870308 S u N . RPD Limit Not Available
1,1,2,2-TETRACHLORCE THANE T5F11870318 5 u . . RPD Limit Not Available
1,1,2-TRICHLOROETHANE - TSF11870308 S 1} . . RPD Limit Not Available
1,1,8- TRICALOROETHANE T5F11870U518 5 u . . RPD Limit Not Available
1, 1-DICHLOROETHANE TSF11870308 5w . . RPD Limit Not Available
1, 1-DICHLOROE THANE TSF11870318 5 u . . RPD Limit Not Available
1,1-DICHLOROETHENE TSF11870308 5 u . 22 RPD Not Calcylable
1,1-DICHLOROCE THENE TSF11870318 S u . 22 RPD Not Calculable
1,1-DICHLOROE THENE (TOTAL) TSF11870308 5 u . . RPD Limit Not Available
1, 1-DICHLOROETHENE (TOTAL) TSF11870318 5 U . . RPD Limit Not Avaiiabie
1,2-DICHLORDETHANE TSF11870308 5 U . . RPD Limit Not Available
1,2-DICHLOROETHANE TSF11870318 5 u . . RPD Limit Not Available
1,2-DICHLOROPROPANE TSF11870308 5 U . . RPD Limit Not Available
1,2-DICHLOROPROPANE TSF11870318 5 u N RPD Limit Not Available
2-BUTANONE TSF11870308 10 J . . RPD Limit Not Available
2-8UTANDNE TSFI1187031%8 10 U N RPD Limit Not Avaiisbie
2-HEXANONE TSF11870308 10 U . RPD Limit Not Available
2-HEXANONE TSF11870318 10 u . . RPD Limit Not Available
4-METHYL -2-PENTANONE TSF11870308 10 u . . RPC Limit Not Available
4-METHYL - 2-PENTANOME TSE11870318 10 u . . RPD Limit Mot Available
ACETONE TSF11870308 4 J . . RPD Limit Not Available
ACETOME TSF11870Z1B : J . . RPD Limit Wot Available
BENZENE TSF11870308 5 u . 21 RPD Not Calculable
BENZENE TSF11870318 5 U . 21 RPD Not Calculable
BROMOD | CHLOROME T RANE TSF11870308 5 u . . RPD Limit Not Available
BROMOD I CHLOROME T HANE TSF11870318 5 u N . RPD Limit Not Available
HROMOFORM TSF118703C8 S U . . RPD Limit Not Available
AROMOE 00N TSE11AOLE s u . . RPD Limit Wot Availsble
BROMOME THANE TSF11870308 10 u . RPD Limit Not Available
BROMOMETHANE TSF11870318 10 v . . RPD Limit Not Available
CARBON DISULFIDE TSF11870308 5 u . . RPD Limit Not Available
CARBON DISULFIDE TSF11870318 5 U . . RPD Limit Not Avaijlable
CARBON TETRACHLORIDE TSF11870308 5 u . RPD Limit Not Available
CARBON TETRACHLORIDE TSF11870318 S u . . RPD Limit Mot Avsilable
CHLOROBENZENE TSF11870308 5 u . 21 RPD Not Calculable
CHLOROBENZENE TSF11870318 5 v . 21 RPD Not Calculasble
CHLOROE THANE TSF11870308 10 u N . RPD Limit Not Available
CHLOROETHANE TSF11870318 10 U f . RPD Limit Not Available
CHLOROFORM T$F11870308 5 U . . RPD Limit Not Available
CHLOROFORM TSF11870318 5 ‘v - RPD Limit Mot Available
CHLOROME THANE TSF11870308 10 1] . RPD Limit Mot Avaflable
CHLOROMETHANE TSF11870318 10 u . . RPD Limit Not Available
€i15-1,3-DICHLOROPROPENE TSF11870308 5 U . N RPD Limit Not Available
€15-1,3-DICHLOROPROPENE TSF11870318 5 ¥ f . RPD Limit Not Available
D IBROMOCHLOROMETHANE TSF11870308 5 U . N RPD Limit Not Available
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Analyte

D [BROMOCHLOROME THANE
ETHYLBENZENE
ETHYLBENZENE
METHYLENE CHLORIDE
METHYLENE CHLORIDE
STYRENE

STYREKE

TETRACHLOROE THENE
TETRACHIL.OROETHENE
TOLUENE

TOLUENE
TRANS-1,3-DICHLOROPROPENE
TRICHLOROETHENE
TRICHLORDETHENE
VINYL ACETATE

VINYL ACETATE

VINYL CHUORIDE

VINYL CHLORIDE
XYLENE (TOTAL)
XYLENE (TOTAL)

Sample ID

TSF11870318
TSF11370308
TSF11870318
TSF11870508
TSF11870318
TSF11870308
TSF11870318
TSF11870308
TSF11870318
TSF11870308
TSF11870318
TSF11870308
TSF11870318
TSF11870308
TSF11870318
TSF11870308
TSF11870318

Tkl bk ey

TSF11870308
TSF113870318
TSF11870308
T5F11870318

FIELD SPLIT EVALUATION
ORGANICS
TSF CLARIFIER PIT 3

Relative
Conc, Qual- Percent
(ppb) ifier Difference
5 ) .
14 7
15 7
7 (1A
11 &4
$ U .
5 1] .
5 1] .
5 V] .
17 13
15 13
5 [¥] .
5 u .
5 u .
S U .
10 u
10 v
10 U
10 u .
120 m”
52 e
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RPO
Limit

L

21
21

24
24

Comment

RPD
RPD
RPD
RPD
RPD
RPD
RPD
RFD
RPO
RPD
RPD
L)
RPD
RPD
RPD
RPD
RPD
RPD
RPD
RPD
RPO

Limit Not Available

» Limit ~- Out of Control
» Limit -- Out of Control
> Limit -- Out of Control
> Limit -- Out of Controt
Limit Not Available
Limit Not Available

Limit Rot Available

Limit Not Available

< Limit -~ In Control

< Limit -- In Control
Limit Wot Avaiiabie

Limit Not Available

Not Calculable

Not Calculabte

Limit Not Availsble
Ltimit Not Available
itimit Wot Avaiiabie
Limit Not Avaiiable

» Limit -- Out of Control
> Limit -- Out of Controt



TRIP BLANK EVALUATION
ORGANICS
TSF CLARIFIER PITS

Qual -

Analyte Sample 1D (ppb) ifier Comment

i, 1, 1-TRICHLOROETHANE 624 TRIP BLANK 5 U Wo Contamination
1,1,2,2-TETRACHLOROETHANE 624 TRIP BLANK 5 ) No Contamination
1,1,2-TRICHLOROETHANE 424 TRIP BLANK 5 u No Contamination
1, 1-01CHLOROE THANE 624 TRIP BLANK 5 u No Contamination
1,1-0ICHLORDE THENE 624 TRIP BLANK 5 u No Contamination
1, 1-DICHLORODETHENE (TOTAL) 624 TRIP BLANK 5 U No Contamination
i, &-DICHLOROE THANE 6c4 TRiP BLANK 5 U #o Contamination
1,2-DICHLOROPROPANE 6264 T?IP BLANK 5 U No Contamination
Z'BUTAIIONE 624 TRIP BLANK 10 u No Contamination
2-HEXANONE 624 TRIP BLANK 10 v No Contamination
4-METHYL~2-PENTANONE 624 TRIP BLARK 10 u No Contamination
ACETONE 624 TRIP BLARK 10 U No Contamination
BENZENE 62% TRIP BLARK 5 U Ho Contamination
BROMOD I CHLOROME THANE 624 TRIP BLANK 5 u No Contamination
BROMOFORM 624 TRIP BLANK 5 u No Contamination
BROMOME T HANE ' 624 TRIFP BLANK 10 1] No Contamination
CARBON DISULFIDE 624 TRIP BLANK 5 u No Contamination
CARBON TETRACHMLORIDE 624 TRIP BLANK 5 u No Contamination
CHLORUBENZENE 2% TRIF BLARK 5 U Ho Contamination
CHLOROETHANE 624 TRIP SLANK 10 u No Contamination
CHLOROFORM 624 TRIP BLANK S 1] No Contamination
CHLOROME THANE 624 TRIP BLANK 10 u No Contamination
CIS-1,3-DICHLOROPROPENE 624 TRIP BLANK 5 u No Contamination
DIBROMOCHLOROMETHANE 624 TRIP BLANK b ] No Contamination
ETHYLBERZERE 424 TRIP BLANK s Y 4 Contamination
METHYLENE CHLORIDE 524 TRIP BLANK 3 JB Possible Contamination
STYRENE £24 TRIP BLANK 5 1] No Contamination
TETRACHLOROETHENE 624 TRIP BLANK 5 u No Contamination
TOLUENE &24 TRIP BLANK 5 u No Contamination
TRANS-1,5-DICHLOROPROPENE 624 TRIP BLANK 3 U No Contamination
TRICHLOROETHENE £24 TRIP BLANK 5 u Mo Contaminstion
VINYL ACETATE 624 TRIP BLANK 10 H] No Contamination
VINYL CHLORIDE 624 TRIP BLANK 10 u WNo Contamination
XYLENE (TOTAL) 624 TRIP BLANK S U No Contamination
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Analyte

, V- TRICHLORDE THANE
,2,2-TETRACHLOROE THANE
,2-TRICHLOROETHANE
~DICHLORQETHANE
~DICHLORCETHENE
-DICHLOROCETHENE (TOTAL)
DICHLOROE T HANE
,2-DICHLORCPROPANE
2-BUTANONE

2-HEXANONE
L-METHYL-2-PENTANONE
ACETONE

BENZEWE
BROMOO I CHLOROME T HAKE
BROMOFORM

BROMOMETHANE

CARBON DISULFIDE

CARBON TETRACHLORIDE

~u - TgV-T3Th I 3TT
uul.vr\Wl.n&Lﬂ

CHLORQE THANE

CHLOROFORM

CHLOROME THANE
C!S-1,3-DICHLOROPROPENE

O 1 BROMOCHL.OROME THANE
ETHYI QENIFME

METHYLENE CHLORIDE
STYRENE

TETRACHLOROETHENE

TOLUENE
TRANS-1,3-D1CHLOROPROPENE
TRICHLOROE THENE

VINYL ACETATE

VINYL CHLORIDE

XYLENE (TOTAL)

i
1
1
1
1
1-
é-

i
’
]
’
’
’
’

[
1
1
1
1
1
"
1

SPIKE EVALUATION
ORGANICS

TSF CLARIFIER PITS

Sample ID

TSF1187U0EE
TSF118700EE
TSF118700EE
TSF11870CEE
TSF118700EE
TSF118700EE
TSFa8700EE
TsF 18700EE
TSF118700EE
TSF118700EE
TSF118700€E
TSF1187002E
i2r v 10ruUucc
TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE
T$F118700€EE

T€£11ﬂ7ﬂﬂ==
LR TRtV

TSF118700EE
TSF118700€E
TSF118700EE
TSF118700€EE

TSF118700EE
TSF11R700EE

TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE
TSF118700EE
TSF118700€E
TSF118700E€
TSF118700EE

Conc.,
{ppb)

20
20

20
120
30
30

20
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Qual -
ifier

cCcCcQCQoC o CcCcCcCccoco cccc

cCocoCo ccCcc [ =

cCccoc

Comment

Within ERA advisory r
No Interference

No Interference

Ho Interference

No Interference
Possible Interference
Wo interference

No Interference

No Interference

No Interference

No Interferemnce

No Interference

Ro [nterference

No [nterference

No Interference

No lnterference

No Interference

No Interference
within ERA advisory
No Interference
Within ERA advisory r
No Interferemnce

No Interference

No Interference
Uithin EBA sdvicory r
Within ERA advisory r
No Interference

No Interference

No Interference

No [nterference
Within ERA advisory r
No Interference

No Interference

No Interference

“1




